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PRECIS 


1.  The  RAID  TRACK  Assessment  (RAIDTRAC)  Model  described  In  this 

report  Is  an  outgrowth  of  raid  planning  activity  carried  out  as  a 
part  of  the  air  defense  studies  conducted  by  the  US  Army  Concepts 
Analysis  Agency.  The  model  Is  basically  conceived  of  as  a simula- 
tion study  support  tool,  but  may  be  used  for  stand  alone  analysis. 
It  provides  the  analyst  with  a fast  running,  deterministic,  compu- 
tational methodology  for  the  assessment  of  the  viability  of  raid 
tracks  through  airspace  defended  by  hlgh-to-medlum  altitude  air 
defense  (HIMAD)  units.  ^ 

2.  The  model  Is  structured  to  address  Issues  of  concern  to  ana- 

lysts Involved  In  HIMAD  planning  or  analysts  planning  raids 
through  HIMAD  defended  areas.  The  assessment  quantifies:  (1)  the 

coverage  achieved  by  a prescribed  air  defense  deployment;  (2)  the 
coverage  effectiveness  ( 1 .e. , intercepts)  against  a prescribed 
raid  track  and  (3)  estimates  of  the  assets  required  to  suppress 
the  air  defense  engaging  along  the  track.  The  model  thus  provides 
a quantitative  basis  for  the  selection  of  candidate  HIMAD  deploy- 
ments against  specific  raid  tracks,  condldate  raid  tracks  for  spe- 
cific HIMAD  deployments  and  candidate  air  defense  suppression  mis- 
sions associated  with  such  raid  tracks.  The  resultant  selections 
among  the  candidates  may  then  become  input  to  a formal,  large- 
scale  simulation  or  serve  as  stand-alone  results. 

3.  The  model  Is  structured  for  assessment  of  ground  HIMAD  tech- 
nology designed  for  sector  (less  than  full  circle)  coverage,  with 
a capability  for  multiple  (rather  than  sequential)  engagement  of 
targets. 

4.  The  speed  of  the  model  is  achieved  by  using  once-through  ana- 
lytic techniques  rather  than  event  or  time-stepped  techniques  and 
by  providing  high  speed  (low  resolution)  line  printer  graphics 
rather  than  slower  (high  resolution)  plotter  graphics. 

5.  Specific  recommendations  are  included  for  refinement  of  the 
model  to  Increase  its  ease  of  use  and  to  extend  its  application  to 
include  short  range  air  defense  (SHORAD)  and  airborne  Intercept. 


■ 


CAA-TP-77-5 


ACKNOWLEDGEMENTS 


The  author  gratefully  acknowledges  the  encouragement  given  to  the 
modeling  effort  by  LTC  B.  P.  Mandervllle,  Jr.  and  the  counsel  to 
proceed  to  documentation  offered  by  Mr.  Saul  Penn.  Programing 
assistance  In  several  troublesome  areas  was  affably  provided  by 
CPT  R.  Read,  Dr.  J.  Dockery  and  Mr.  Herald  Mohr.  Particularly 
appreciated  has  been  the  detailed  and  thoughtful  review  of  the 
report  conducted  by  Mr.  Penn.  The  effort  has  greatly  benefited 
the  contributions  of  these  Individuals  and  to  all  my  thanks  and 
appreciation. 


by 


CONTENTS 


Page 

PRECIS Ill 

CHAPTER 

1 Introduction 1-1 

Nature  of  the  Problem 1-1 

Nature  of  the  Solution 1-3 

Anticipated  Benefits 1-3 

2 Model  Utilization  2-1 

Qualifications 2-1 

Scenario 2-3 

Interaction  Levels  2-4 

Optional  Outputs 2-28 

3 Model  Mechanization  3-1 

Organization  3-1 

Code  Block  Descriptions  3-1 

Program  Code  Listing 3-8 

Program  Data  Listing 3-8 

Job  Day  File 3-8 

4 Model  Refinement 4-1 

Introduction 4-1 

Enhanced  Coverage  Display  4-1 

Simplified  Raid  Track  Specification  4-1 

Raid  Sortie  Specification  4-2 

Iterative  Capability 4-3 

Target  Utility  Measures  4-3 

Counterair  Assessment  4-4 

SHORAD  Assessment  4-4 

APPENDIX 

A Program  Code  Listing A-l 

B Program  Data  Listing B-l 

C Glossary C-l 

D Distribution D-l 


FIGURE 


Page 


i'1 


2-1 

2-2 

2-3 

2-4 

2-5 

2-6 

2-7 

2-8 

2-9 

2-10 

2-11 

2-12 

2-13 

2-14 

2-15 

2-16 

2- 17 
2-18 

3- 
3 


TABLE 


2-1 

2-2 


vl 


Model  Interaction  Levels 2-6 

HIMAD  Unit  List  Display  2-7 

HIMAD  Unit  Deployment  Display 2-8 

Target  List  Display 2-10 

Target  Array  Display 2-11 

HIMAD  Unit  Coverage  Display  2-13 

HIMAD  Launcher  Coverage  Display  2-14 

Raid  Track  Line  Segments 2-17 

Track  Specification  to  Model 2-18 

Track  Point  List  Display 2-20 

HIMAD  Unit  Intercepts  Display 2-21 

HIMAD  Launcher  Intercepts  Display  2-22 

Track  Intercepts  Summary  Display 2-24 

HIMAD  Suppression  Estimate  Display 2-26 

Intercept  Range  Table  Display  2-31 

Intercept  Sector  Matrix  Display  with  Overmark  . . 2-32 

Map  Symbology  Selection  Display  2-34 

undary  Segment  List  Display  2-35 

del  Organization  by  Code  Blocks 3_2 

Day  File 3_9 


TABLES 


Page 


Target  Type  Codes  

Assessment  Issues  Addressed  by  Model  Displays 


2-9 

2-29 


1 

* 


I 


CAA-TP-77-5 


A COMPUTER  MODEL  FOR  THE  ASSESSMENT  OF 
RAID  TRACKS  THROUGH  HIMAD  DEFENDED  AIRSPACE 
(RAIDTRAC  Model) 


CHAPTER  1 
INTRODUCTION 


r 


' 


1-1.  NATURE  OF  THE  PROBLEM,  a.  The  Qualitative  Process 

(1)  Raid  track  selection  in  support  of  air  defense  evalua- 
tion has  been  conducted  to  date  on  a qualitative  basis.  The  loca- 
tions of  air  defense  units  have  been  plotted  on  a map  of  the  de- 
fended area.  Raid  tracks  are  then  placed  as  overlays  on  this  map 
and  adjusted  by  visual  inspection  to  minimize  the  encounters  of 
the  raiding  aircraft  with  the  air  defense,  while  achieving  the 
access  to  the  targets  prescribed  by  the  raid  scenario.  The  pro- 
cess is  limited  by  the  requirement  to  visually  estimate  which 
HIMAD  will  enter  into  play.  The  present  model  considers  this  pro- 
cess as  applied  to  the  ground  HIMAD  technology  designed  for  sector 
(less  than  full  circle)  coverage  and  with  a capability  for  multiple 
(rather  than  sequential)  engagement  of  targets.  The  estimate  is 
complicated  by  the  fact  that  intercepts  by  systems  employing  this 
technology  are  influenced  both  by  the  raid  aircraft  altitude  and 
the  bearing  of  the  raid  aircraft  with  respect  to  the  individual 
HIMAD  units. 

(2)  The  visual  estimate  must  first  take  into  account  that 
the  HIMAD  intercept  range  is  a function  of  the  altitude  of  the 
aircraft.  For  raids  which  ingress  at  a fixed  altitude,  the  value 
of  Intercept  range  is  the  same  throughout  the  region.  When  raids 
change  altitude  during  ingress,  the  intercept  range  Is  different 
for  each  altitude.  Visualizing  these  different  intercept  ranges 
complicates  the  estimate  of  intercept  conditions,  particularly  in 
the  areas  where  the  transition  in  flight  altitude  occurs. 

(3)  The  visual  estimate  must  then  take  into  account  the 
bearing  of  the  target  with  respect  to  the  sector  covered  by  the 
system.  If  the  target  is  within  the  primary  intercept  sector, 
intercept  is  possible  by  all  launchers  of  the  HIMAD  unit.  If, 
however,  the  target  lies  outside  of  this  sector,  then  the  sector 
orientation  must  be  adjusted  to  bring  the  target  within  the  sec- 
tor. As  the  amount  of  necessary  adjustment  becomes  larger,  the 
shift  results  in  the  unit  losing  those  launchers  which  do  not 
share  the  sector  with  the  target.  In  the  limit,  the  shift  will  be 
such  that  no  unit  launchers  share  the  sector  with  the  target,  and 
engagement  is  not  possible.  From  the  standpoint  of  visual 
inspection  of  the  tracks  and  unit  it  may  be  difficult  to  assess 
when  this  limiting  condition  has  been  reached. 
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(4)  The  principal  graphic  technique  for  dealing  with  this 
visual  estimate  of  intercept  range  and  sector  coverage.  Is  the  use 
of  a template  scaled  to  the  range  of  interest  and  the  angle  of  the 
intercept  sector.  The  template  is  positioned  at  the  location  of 
the  HIM AD  unit  and  oriented  to  the  azimuth  of  the  sector  coverage. 
It  Is  then  possible  to  more  accurately  estimate  if  an  intercept 
will  occur  by  noting  either  an  intersection  of  the  track  with  the 
template  or  an  intersection  as  the  template  is  rotated  about  the 
unit  location. 

(j)  The  template  procedure  can  be  repeated,  as  necessary,  at 
each  HIMAD  unit  location  in  the  vicinity  of  the  track  and  the 
cases  of  intercept  tabulated  or  otherwise  noted.  Typically,  this 
process  will  be  repeated  for  a number  of  track  possibilities  be- 
fore a final  selection  of  track(s)  Is  made. 

b.  Shortcomings  of  the  Process.  This  process  has  a number  of 
shortcomings,  as  described  in  the  following,  which  led  to  develop- 
ment of  the  RAIDTRAC  Model  detailed  in  the  report. 

(1)  A shortcoming  arises  from  the  essentially  graphical  na- 
ture of  the  track  evaluation  process.  The  numerous  HIMAD  units' 
locations  and  sector  coverage,  as  well  as  the  target  array  they 
defend,  must  be  manually  plotted.  This  presents  opportunities  for 
errors  in  plotting  and  errors  in  assigning  identifying  symbology 
to  the  HIMAD  units  and  targets. 

(2)  A shortcoming  arises  from  the  positioning  of  the  tem- 
plate which  defines  the  sector  within  which  intercept  must  take 
place.  Positioning  of  the  template  at  the  site  location  and  ad- 
justment of  the  orientation,  as  necessary,  to  assess  the  Intercept 
condition  can  introduce  errors,  particularly  in  marginal  (tangen- 


tial) conditions  of  intercept. 

(3)  A shortcoming  arises  from  the  need  to  repeat  the  graphi- 
cal workload  for  examination  of  each  alternate  raid  track  or  each 
new  deployment  of  air  defense  units.  For  the  case  of  iteration  of 
a raid,  a new  overlay  of  the  track  must  be  prepared  and  the  as- 
sessment of  the  HIMAD  intercept  conditions  must  be  repeated.  For 
the  case  of  redeployment  of  the  HIMAD  units,  the  unit  locations 
and  their  associated  primary  target  lines  (PTL),  defining  the  azi- 
muth orientation  of  the  sector,  must  be  replotted. 

(4)  These  shortcomings,  while  manageable,  do  create  a pres- 
sure for  economizing  on  the  number  and  scope  of  the  alternative 
scenarios  considered.  The  model  described  herein  is  meant  to  re- 
lieve the  analyst  of  much  of  the  detailed  effort  Involved  In  ex- 
amination and  tabulation  of  the  HIMAD  intercept  conditions.  This 


reduction  of  the  graphical  workload  should  encourage  more  syste- 
matic and  expans  ve  consideration  of  raid  tracks  and  air  defense 
deployment  conditions. 

1-2.  NATURE  OF  THE  SOLUTION,  a.  The  manual  graphical  process  of 
raid  track  assessment  has  been  replaced  with  an  automated  process. 
The  automated  process  models,  in  a more  precise  form,  each  of  the 
manual  steps  and,  in  addition,  provides  for  assessment  of  air  de- 
fense suppression  as  it  would  apply  to  clearing  a ra:d  corridor 
aligned  along  the  raid  track  under  consideration. 

b.  The  process  is  organized  around  the  concept  of  user  inter- 
action with  the  model.  Three  levels  of  interaction  are  provided. 
At  Interaction  Level  1 the  user  is  concerned  with  HIMAD  coverage, 
at  Interaction  Level  2 the  user  is  concerned  with  the  intercept 
conditions  along  the  raid  track,  and  at  Interaction  Level  3 the 
user  is  concerned  with  estimating  the  air  defense  suppression  re- 
quired along  the  raid  track.  For  each  interaction,  the  user 
specifies  input  to  the  model  and  receives  output.  The  leve’„  are 
organized  such  that  interaction  at  one  level  presupposes  interac- 
tions have  occurred  at  the  lower  levels.  That  is,  there  has  been 
a specification  of  input  appropriate  to  the  lower  levels  to  sup- 
port the  higher  interaction  level.  For  example,  consideration  of 
HIMAD  suppression  (Level  3)  presupposes  selection  of  HIMAD  deploy- 
ment (Level  1)  and  selection  of  a raid  track  (Level  2). 

c.  Using  the  interaction  capability,  either  singly  or  in  ap- 
propriate combinations,  the  user  may  generate  individual  or  para- 
metric studies  of  HIMAD  deployments,  raid  tracks  through  the  HIMAD 
units  and/or  HIMAD  suppression.  The  interactions  provide  both  the 
necessary  computations  and  a convenient  record  of  the  analyses 
undertaken.  The  model  thus  expedites  the  systematic  consideration 
of  alternatives  and  the  choice  of  final  values  for  insertion  into 
the  associated  large-scale  simulations  (e.g.,  COMO)  or  for  use  as 
free-standing,  nonsimulation  results. 

1-3.  ANTICIPATED  BENEFITS.  The  principal  benefit  to  be  derived 
from  the  use  of  the  Raid  Track  Assessment  Model  is  the  quantita- 
tive data  which  are  made  available  to  answer  or  evaluate  the  fol- 
lowing issues. 

a.  Air  Defense  Coverage  Issues 

o Are  there  any  unacceptable  gaps  in  the  air  defense  co- 
verage? 


o Are  there  any  weak  points  in  the  air  defense  coverage, 
such  that  loss  of  a single  site  would  open  an  unacceptable  gap  in 
the  air  defense? 


’ 
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o Has  the  desired  level  of  redundancy  In  air  defense  been 
achieved  around  vital  areas? 

o What  are  the  likely  routes  available  to  raid  aircraft 
against  prescribed  targets? 

b.  Raid  Track  Vulnerability  Issues 

o What  number  or  percentage  of  the  deployed  HIMAD  can  en- 
gage on  the  track? 

o What  number  of  missiles  or  average  number  of  missiles 
per  HIMAD  unit  can  engage  on  the  track? 

o What  Is  the  depth  of  the  HIMAD  defense  (number  or  per- 
centage of  air  defense  units)  for  a particular  target? 

c.  Air  Defense  Suppression  Issues 

o Which  HIMAD  units  should  be  attacked? 

o In  what  order  should  HIMAD  units  be  attacked? 

o How  many  air  defense  suppression  aircraft  are  required 
to  carry  out  the  suppression  mission? 

o How  are  Incremental  changes  In  the  number  of  targets  (or 
percentage  of  the  target  array)  to  be  attacked  related  to  the  num- 
ber (or  percentage  of)  air  defense  suppression  required? 

d.  Issue  Sets.  It  is  anticipated  that  the  answers  to  the 
questions  above  will  be  sought  for  sets  of  tracks  and  air  defense 
deployments.  The  sets  of  results  will  provide  families  of  data 
and  permit  detailed  comparison  of  track  and/or  deployment  fea- 
tures. 
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CHAPTER  2 
MODEL  UTILIZATION 


2-1.  QUALIFICATIONS.  A number  of  qualifications  have  been  In- 
voked In  the  design  of  the  model  which  have  a direct  bearing  on 
the  way  In  which  data  are  utilized  and  presented.  The  qualifica- 
tions are  presented  In  the  following  paragraphs.  Refinements  to 
the  model  which  relax  some  of  these  qualifications  are  presented 
In  Chapter  4. 

a.  Raid  Track 

(1)  Only  one  track  (corridor)  Is  addressed  during  any  one 
exercise  of  the  model.  (Refinement  presented  In  paragraph  4-5.) 

(2)  The  raid  track  is  considered  to  consist  of  one  or  more 
line  segments,  forming  a main  track  and  a series  of  spur  tracks 
off  the  main  track  leading  to  the  individual  targets. 

(3)  The  sequence  in  which  the  main  and  spur  track  segments 
are  specified  determines  the  sequence  In  which  the  targets  are 
attacked.  Artificial  main  and  spur  track  segments  are  used  to 
maintain  track  continuity  but  do  not  enter  into  the  Intercept  cal- 
culations. (Refinements  presented  in  paragraphs  4-3  and  4-6.) 

b.  Raid  Aircraft 

(1)  The  raid  track  Is  explicltely  defined  by  the  user.  In 
the  case  of  the  raid  planner,  this  is  the  actual  track  to  be 
evaluated.  In  the  case  of  the  air  defense  planner  this  Is  an  es- 
timate of  the  track  likely  to  be  employed  to  breach  the  overall 
defense. 

(2)  The  model  assunes  a mass  raid  (target  rich)  condition, 
such  that  the  number  of  aircraft  traversing  any  track  segment 
saturate  the  HIMAD  defense  In  that  region.  (Refinement  presented 
In  paragraph  4-4.) 

(3)  Raid  aircraft  fly  down  tracks  at  altitudes  which  corre- 
spond to  preselected  flight  profiles  over  the  defended  area.  Pro- 
vision Is  made  to  store  three  such  profiles,  repesentlng  various 
combinations  of  altitudes  at  which  the  raid  aircraft  traverse  the 
division,  corps  and  rear  areas.  The  model  analyzes  Intercepts 
based  upon  this  explicit  knowledge  of  raid  aircraft  altitude  and 
Implicit  knowledge  of  other  significant  aircraft  factors  (radar 
cross-section,  speed,  formation  and  maneuver),  as  Incorporated  In 
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the  values  of  HIMAD  Intercept  range  which  are  given  as  a function 
of  altitude. 

c.  Air  Defense  Systems 

(1)  The  location  of  each  HIMAD  unit  and  the  orientation  of 
Its  PTL  Is  expllcltely  defined  by  the  user.  In  the  case  of  the 
raid  planner,  the  locations  are  estimates  of  the  deployment  of  the 
defense.  In  the  case  of  the  air  defense  planner  the  locations  are 
the  actual  deployment  to  be  evaluated. 

(2)  The  model  assumes  that  each  HIMAD  Intercepts  at  the 
first  opportunity,  that  is,  at  the  maximum  Intercept  range  for  the 
altitude  Involved. 

(3)  The  model  assiities  (as  noted  earlier)  a mass  raid  (tar- 
get-rich) environment  and  commits  all  available  missiles  of  the 
HIMAD  unit  to  the  intercept.  (Refinement  presented  In  paragraph 
4-4.) 

(4)  Each  HIMAD  unit  PTL  is  adjusted  in  azimuth  to  permit 
intercept  on  a track  segment  with  the  maximum  possible  number  of 
launchers. 

(5)  A HIMAD  unit,  once  adjusted  (In  PTL)  to  Intercept  on  one 
track  segment,  is  considered  totally  committed  and  not  available 
for  further  Intercepts  on  other  segments. 

(6)  The  model  assumes  that  the  HIMAD  launchers  are  deployed 
equidistant  in  azimuth  across  the  angle  of  the  Intercept  sector. 

(7)  The  model  assumes  that  the  raid  Is  timed  so  that  all 
raid  aircraft  pass  through  the  defense  before  reload  of  the  sys- 
tems can  take  place  (there  Is  thus  no  opportunity  for  a unit  to 
repeatedly  engage  ingresslng  raid  aircraft). 

(8)  Engagement  of  egresslng  raid  aircraft  Is  not  considered. 

(9)  The  model  is  not  intended  to  account  for  SHORAD  or  coun- 
terair effects.  (Refinement  presented  in  paragraphs  4-8  and  4-9.) 

(10)  The  model  Is  based  on  the  concept  of  sector  coverage 
but  can  be  expanded  to  full  circle  coverage  Jesired. 

d.  HIMAD  Suppression 

(1)  Only  those  HIMAD  which  engage  along  the  track  are  at- 
tacked. The  suppression  Is  carried  out  along  each  track  segment 
in  sequence. 
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(2)  A mix  of  air  defense  suppression  aircraft  Is  assumed 
available  for  suppression.  Both  the  proportion  of  the  mix  and  the 
total  number  of  aircraft  available  are  specified  as  a user  Input 
to  the  model.  No  allowance  Is  Included  In  the  model  for  attrition 
of  these  aircraft.  In  the  course  of  carrying  out  their  mission. 

e.  Model  Graphics 

(1)  Scaling.  The  map-like  graphics  provided  by  the  model 
are  scaled  to  display  an  area  500  km  (east-west)  by  250km  (north- 
south)  In  5km  Intervals  on  a single  printer  page.  The  user  speci- 
fies the  lower  coordinate  limit  of  each  scale.  The  coordinates 
are  limited  to  a maximum  of  four  digits.  Conversion  of  standard 
geographic  reference  system  coordinates  (e.g.,  UTM)  to  conform  to 
this  limit  must  be  made  by  the  user. 

(2)  Symbol  Set  Limitations.  Use  of  the  printer  symbol  set 
imposes  two  limitations  on  the  model  graphics. 


(a)  First,  the  graphics  have  been  proportioned  to  fit  on  a 
single  line  printer  page.  This  has  required  scaling  the  defended 
region  to  fit  in  Its  east-west  dimension  within  the  130+  character 
spaces  on  a line  printer  line.  The  north-south  dimension  Is  re- 
quired to  fit  within  the  50+  lines  per  printer  page.  A scale  of 
5km  per  character  has  been  selected  as  being  most  effective  for 
the  display  of  the  information  of  Interest  within  the  constraints 
of  the  page  size.  This  results  In  display  of  a defended  area  of 
500  km  east-west  by  250  km  north-south.  The  printer  page  size 
limitation  could  be  removed  by  display  of  the  model  output  on  a 
plotter,  vrfiere  a higher  resolution  could  be  readily  achieved,  but 
at  a significant  Increase  In  display  generation  time.  (Refinement 
presented  In  paragraph  4-2.) 

(b)  Second,  the  use  of  the  printer  symbol  set  to  display 
the  map  information  produces  a distortion  of  angle  Information, 
since  the  X-axis  increment  per  symbol  Is  less  than  the  Y-axis  In- 
crement per  symbol.  This  precludes  reading-off  angles  relating  to 
sector  coverage  or  track  segment  orientations;  but  does  not  affect 
the  validity  of  position-oriented  Information  ( 1 .e . , target  loca- 
tions, track  segment  end-points).  The  angle  limitation  may  be 
lifted  by  preparation  of  a specially  calibrated  protractor  which 
employs  a non-linear  scale  for  angle  read-off. 


2-2.  SCENARIO,  a.  The  model  Is  used  to  evaluate  the  Interaction 
of  a particular  air  defense  and  a particular  air  threat  with  re- 
spect to  a particular  target  array.  The  particularities  to  be 
addressed  are  provided  by  a scenario  which  brings  together  realis- 
tic estimates  of  air  defense  and  air  threat  for  a particular  time 
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frame.  From  the  scenario  Is  derived:  the  size  and  deployment  of 

the  HIMAD;  the  number,  type,  and  location  of  military  assets  they 
defend,  and  the  Intentions  of  the  air  threat,  both  with  respect  to 
the  target  array  and  the  associated  air  defense. 

b.  The  use  of  the  model  Is  Illustrated  by  a scenario.  The 
number  of  HIMAD  units  and  their  deployment  Is  hypothetical  but 
considered  Illustrative  of  an  area  defense  of  six  on-line  divi- 
sions, two  corps  areas  and  a rear  theater  area.  In  the  Interests 
of  clarity,  only  a portion  of  the  defended  assets  are  Included  In 
the  Illustrations  of  model  outputs,  namely:  four  rear  area  tar- 

gets, four  corps  area  targets  and  four  divisions  area  targets. 

2-3.  INTERACTION  LEVELS,  a.  Concept.  The  model  Is  intended  as 
a flexible  analytical  tool  to  be  employed  In  an  Iterative  manner 
to  generate  a family  of  results  from  which  a preferred  result  may 
be  extracted.  To  illustrate  this  flexibility,  the  use  of  the 
model  Is  described  In  terms  of  three  levels  of  interaction,  which 
may  be  used  selectively  to  develop  parametric  variations  of  the 
air  defense  issues  of  Interest.  The  three  Interaction  levels  are: 


Level  Air  Defense  Issues 

1 HIMAD  Coverage 

2 Raid  Track  Intercepts 

3 HIMAD  Suppression 

Interaction  at  a higher  level  presupposes  that  lower  level  Inter- 
actions have  occurred  or  will  occur  simultaneously  with  the  higher 
level  (l.e.,  air  defense  suppression  analysis  (Level  3)  presup- 
poses specification  of  HIMAD  unit  locations  (Level  1)  and  a raid 
track  (Level  2)).  Each  of  the  three  interaction  levels  provides 
for  three  user  activities: 

t an  Input  to  the  model 

• an  analysis  of  the  model  outputs 

• a decision  as  to  whether  the  outputs  are  acceptable 
and,  If  not,  revising  the  inputs  in  anticipation  of 
achieving  more  acceptable  results. 

The  following  paragraphs  describe  the  specific  user  activities 
Involved  for  each  of  the  three  interaction  levels. 
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b.  Interaction  Level  1 - HIMAD  Coverage.  The  user  activities 
associated  with  Interaction  Level  1 are  flow  diagrammed  In  Figure 
2-l(a)  and  discussed  In  the  following  paragraphs. 

(1)  Enter  HIMAD,  Target  and  Raid  Altitude  Profile. 

(a)  The  user  specifies  the  HIMAD  deployment  for  the  re- 
gion, Identifying  for  each  HIMAD  unit  the  following  characteris- 
tics: 

• coordinates  of  position 

• principal  area  defended  (division,  corps,  rear) 

• azimuth  of  PTL 

• number  of  launchers  available 

For  the  scenario  under  consideration,  these  data  are  as  shown  in 
Figure  2-2.  The  figure  illustrates  the  HIMAD  Unit  List  display, 
as  provided  by  the  model.  As  read  from  left  to  right  the  display 
tabulates  the  HIMAD  unit  reference  number  (NR),  X-coordlnate  (X), 
Y-coordlnate  (Y),  principal  area  (AREA)  defended  (D=d1v1s1on,  C= 
corps,  R=rear),  azimuth  of  the  PTL  (PTL)  and  number  of  launchers 
available  (NLHR).  A map  display,  the  HIMAD  Unit  Deployment,  Is 
also  provided  by  the  model,  as  shown  in  Figure  2-3.  The  map  dis- 
play contains  two  basic  sets  of  Information,  the  location  (*)  and 
reference  number  (e.g.,  36)  of  the  Individual  HIMAD  units  (AD)  and 
the  boundary  points  (+-symbols)  which  divide  the  area  Into  the 
division,  corps  and  rear  areas.  The  display  provides  an  overall 
picture  of  the  pattern  of  the  deployment  and  provides  a quick 
check  on  the  accuracy  of  the  unit  location  data  points  since  Inac- 
curately plotted  units  should  be  apparent  as  a departure  from  the 
Intended  pattern.  In  Figure  2-3,  the  HIMAD  units  are  deployed  in 
a lattice-like  area  defense  of  the  division,  corps  and  rear  areas. 

(b)  The  user  also  identifies  the  target  array  In  the  de- 
fended area.  The  following  characteristics  are  Identified  for 
each  target: 


• coordinates  of  position 

• type  of  target  (see  Table  2-1) 

• area  where  located  (division,  corps,  rear) 
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NR 

X 

Y 

AREA 

PTL 

NLHR 

AD  1 

450.0 

410.0 

D 

90.0 

5 

AD  2 

450.0 

380.0 

D 

90.0 

5 

AD  3 

450.0 

350.0 

D 

90.0 

5 

AD  4 

450.0 

320.0 

D 

90.0 

5 

AD  5 

450.0 

290.0 

D 

90.0 

5 

AD  6 

450.0 

260.0 

D 

90.0 

5 

AD  7 

450.0 

230.0 

D 

90.0 

5 

AD  8 

410.0 

410.0 

C 

90.0 

5 

AD  9 

410.0 

380.0 

C 

90.0 

5 

ADI  0 

410.0 

350.0 

C 

90.0 

5 

ADI  1 

410.0 

320.0 

c 

90.0 

5 

AD12 

410.0 

290.0 

c 

90.0 

5 

AD13 

410.0 

260.0 

c 

90.0 

5 

AD14 

410.0 

230.0 

c 

90.0 

5 

AD15 

370.0 

410.0 

c 

90.0 

5 

AD16 

370.0 

380.0 

c 

90.0 

5 

AD17 

370.0 

350.0 

c 

90.0 

5 

ADI  8 

370.0 

320.0 

c 

90.0 

5 

ADI  9 

370.0 

290.0 

c 

95.0 

5 

AD20 

370.0 

260.0 

c 

90.0 

5 

AD2 1 

370.0 

230.0 

c 

90.0 

5 

AD22 

330.0 

410.0 

R 

90.0 

5 

AD23 

330.0 

380.0 

R 

90.0 

5 

AD24 

330.0 

350.0 

R 

90.0 

5 

AD25 

330.0 

320.0 

R 

90.0 

5 

AD26 

330.0 

290.0 

R 

90.0 

5 

AD27 

330.0 

260.0 

R 

90.0 

5 

AD28 

330.0 

230.0 

R 

90.0 

5 

AD29 

290.0 

410.0 

R 

90.0 

5 

AD30 

290.0 

380.0 

R 

90.0 

5 

AD31 

290.0 

350.0 

R 

90.0 

5 

AD32 

P90.0 

320.0 

R 

90.0 

5 

AD33 

290.0 

290.0 

R 

90.0 

5 

AD  34 

290. C 

260.0 

R 

90.0 

5 

AD35 

290.0 

230.0 

R 

90.0 

5 

AD36 

250.0 

410.0 

R 

90.0 

5 

AD37 

250.0 

380.0 

R 

90.0 

5 

AD38 

250.0 

350.0 

R 

90.0 

5 

AD39 

250.0 

320.0 

R 

90.0 

5 

AD40 

250.0 

290.0 

R 

90.0 

5 

AD4 1 

250.0 

260.0 

R 

90.0 

5 

AD42 

250.0 

230.0 

R 

90.0 

5 

Figure  2-2.  HIMAD  Unit  List  Display 
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Table  2-1.  Target  Type  Codes 
Target  Type  Code  Target  Type 


AB 

Air  Base 

HQ 

Division  HQ 

HH 

Higher  HQ 

PL 

POL  Dump 

PM 

Pershing  Missile 

LP 

Lance  Platoon 

A8 

8-1 n FA  Bn 

AS 

155mm  FA  Bn 

SP 

SASP 

RS 

Reserve  Unit 

CR 

CRC 

EW 

EW/CRP 

For  the  scenario  under  consideration  these  data  are  as  shown  In 
Figure  2-4.  The  figure  Illustrates  the  Target  List  display  pro- 
vided by  the  model.  As  read  from  left  to  right,  the  display  tabu- 
lates the  target  reference  number  (NR),  X-coordi nate  (X),  Y-coor- 
dlnate  (Y),  type  of  target  (TYPE)  and  area  (AREA)  where  located. 

A map  display,  the  Target  Array,  Is  also  provided  by  the  model  as 
shown  In  Figure  2-5.  The  map  readily  Indicates  the  location  {*) 
and  type  (e.g.,  AB)  of  the  targets  and  their  distribution  in  the 
division,  corps  and  rear  areas.  The  target  array  display  may  be 
conveniently  used  to  Investigate  and  establish  the  location  of  the 
raid  track  (see  paragraph  2-3c). 


(c)  The  user  Identifies  from  a preselected  set,  the  altitude 
profile  the  raid  aircraft  will  use  In  crossing  the  defended  air- 
space. The  profile  defines  the  altitude  used  by  the  raid  aircraft 
over  the  division,  corps  and  rear  areas,  and  Is  used  by  the  model 
to  establish  the  Intercept  range  for  the  HIMAD  located  In  these 
areas.  The  preselected  profiles,  for  Illustration,  might  be: 


. . 
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MR 

X 

Y 

TYPE 

AREA 

TG  1 

480.0 

375.0 

A5 

0 

TG  2 

485.0 

325.0 

AS 

0 

TG  3 

465.0 

365.0 

HO 

0 

TG  4 

465.0 

310.0 

HO 

D 

TG  5 

410.0 

350.0 

LP 

C 

TG  6 

410.0 

290.0 

LP 

C 

TG  7 

390.0 

340.0 

HH 

c 

TG  8 

390.0 

300.0 

PL 

c 

TG  9 

335.0 

350.0 

EW 

R 

TGI  0 

320.0 

290.0 

HH 

R 

TGI  1 

310.0 

340.0 

AB 

R 

TGI  2 

290.0 

300.0 

AB 

R 
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Figure  2-5.  Target  Array  Display 
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• HHH  - high  over  the  division,  corps,  and  rear  areas 

• LLL  - low  over  the  division,  corps,  and  rear  areas 

• HOP  - hop  (high)  over  the  division  (SHORAD)  and  low 

over  the  corps  and  rear  areas 

Further  Information  on  the  profiles  as  displayed  by  the  model  Is 
described  In  paragraph  2-4d. 

(2)  Examine  HIMAD  Unit  Coverage.  The  user  examines  the  pat- 

tern of  HIMAD  unit  coverage,  displayed  by  the  model  for  the  se- 
lected deployment  and  the  selected  raid  altitude  profile.  The 
display  (Figure  2-6)  depicts  the  defended  region  subdivided  Into 
5km  square  cells.  The  display  indicates  the  number  of  HIMAD  units 
which  can  bring  at  least  one  launcher  (4  missiles  per  launcher)  to 
engage  within  the  cell.  The  blank  areas  indicate  cells  where  no 
basic  coverage  exists.  The  display  also  provides  two  additional 
sets  of  Information:  the  location,  reference  number  and  type  of 

each  of  the  targets  in  the  area  and  the  points  which  divide  the 
area  into  division,  corps  and  rear  areas.  For  large  numbers  of 
closely  packed  targets,  the  target  symbology  will  become  cluttered 
and  largely  undecipherable.  In  this  instance,  provision  is  made 
to  delete  the  target  symbol  information  from  the  display  by  a 
change  in  the  map  symbology  selection  (see  paragraph  2-4f).  Under 
these  circumstances,  an  overlay  with  the  target  information  must 
be  separately  prepared. 

(3)  Examine  HIMAD  Launcher  coverage.  The  user  examines  the 
pattern  of  HIMAD  Launcher  Coverage  displayed  by  the  model.  The 
coverage  corresponds  to  the  particular  altitude  profile  selected, 
in  this  Instance  a high  profile,  as  indicated  by  the  symbology  HHH 
at  the  top  of  the  coverage  display.  This  display  (Figure  2-7), 
uses  an  alphabetic  code  to  Indicate  the  number  of  launchers  (4 
missiles  per  launcher)  which  can  engage  within  the  area  of  the 
cell.  A table  to  convert  the  alphabetic  code  to  its  numeric  value 
is  inset  on  the  right  top  of  the  display.  The  number  of  launchers 
in  each  cell  is  derived  directly  as  the  sum  of  the  number  of 
launchers  associated  with  the  units  shown  on  the  HIMAD  Unit  Cover- 
age display.  Again,  the  blank  areas  indicate  cells  where  no  basic 
coverage  exists.  In  this  instance,  the  target  Information  shown 
on  the  HIMAD  Unit  Coverage  display  has  been  deleted. 

(4)  Basic  Coverage.  The  HIMAD  Unit  and  Launcher  Coverage 
displays  (Figures  2-6  and  2-7)  depict  basic  coverage.  That  is, 
the  coverage  available  when  the  unit  PTL  line  is  coincident  with 
the  centerline  of  the  launcher  complex.  This  condition  represents 
the  preferred  orientation  of  the  unit  to  meet  the  postulated  threat. 
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Figure  2-6.  HIMAD  Unit  Coverage  Display 
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Figure  2-7.  HIMAD  Launcher  Coverage  Display 
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Under  raid  conditions,  however,  there  will  be  early  warning  data 
on  the  specific  direction  of  the  threat.  Given  these  data,  there 
will,  typically,  be  time  to  shift  the  PTL  to  the  direction  of  the 
threat,  but,  not  sufficient  time  to  reposition  the  launcher  sets. 
As  the  PTL  Is  moved,  with  the  launcher  set  centerline  remaining 
fixed,  individual  launcher  sets  will  drop  out  of  the  radar  set 
i • pattern  and  become  unassignable  to  targets. 

(5)  Decide  Coverage  Acceptability.  The  user  must  decide  If 
the  coverage  shown  is  adequate.  In  making  this  determination,  the 
user  may  interpret  the  HiMAD  Unit  Coverage  display  as  offense-ori- 
ented and  the  HIMAD  Launcher  Coverage  display  as  defense-oriented. 
The  number  of  HIMAD  units  is  a measure  of  the  threat  posed  by  the 
defense  to  the  attackers.  A basic  response  available  to  the  at- 
tackers is  one  of  suppressing  the  HIMAD  units  by  denying  them  the 
use  of  their  radar,  as  differentiated  from  a direct  attack  on  the 
launchers.  This  makes  the  number  of  units,  not  the  number  of 
launchers,  a principal  measure  of  concern  to  the  offense.  The 
defense  on  the  other  hand,  is  primarily  concerned  with  engagement, 
and  each  launcher  provides  four  opportunities  for  engagement. 

More  specifically,  the  defense  Is  concerned  with  the  opportunities 
for  engagement  throughout  the  region  (cell -by-cell)  and  this  mea- 
sure is  provided  directly  by  the  HIMAD  Launcher  Coverage  display. 


(6)  Revise  Inputs.  If  the  coverage  is  considered  to  have 
unacceptable  gaps  or  Inadequate  depth  or  inadequate  intensity  with 
respect  to  specific  areas,  individual  HIMAD  units  may  be  rede- 
ployed, adjustments  made  in  individual  unit  PTL's  or  both.  The 
user  then  revises  the  input  accordingly  and  repeats  the  steps  of 
this  interaction  level,  resulting  in  adjusted  basic  coverage  dis- 
plays. The  iteration  of  the  interaction  is  then  continued  with 
revised  inputs  and  resultant  coverage,  until  an  acceptable  deploy- 
ment is  established.  The  user  may  then  proceed  to  the  next  level 
of  interaction — a consideration  of  possible  raid  tracks  through 
the  defense. 

c.  Interaction  Level  2 - Raid  Track  Intercepts.  The  user  ac- 
tivities associated  with  Interaction  Level  2 are  flowcharted  in 
Figure  2-1 ( b)  and  discussed  in  the  following  paragraphs. 

(1)  Enter  Track  Data.  In  this  step,  the  user  defines  the 
track  the  aircraft  take  through  the  defended  airspace.  The  pro- 
cess of  track  specification  can  be  described  as  occurring  in  three 
sub-steps. 

(a)  In  the  first  sub-step  the  user  examines  the  target 
array  to  be  attacked  by  the  raid  force.  The  array  may  be  in- 
spected as  part  of  the  symbol  information  included  in  the  HIMAD 
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Unit  and  Launcher  Coverage  Displays  (Figures  2*6  and  2*7),  or  by 
direct  Inspection  of  the  Target  Array  Display  (Figure  2-5). 

(b)  In  the  second  sub-step  the  user  establishes  a main 
raid  track,  starting  outside  the  FEBA  and  extending  through  the 
target  array  as  shown  in  Figure  2-8.  The  main  track  Is  drawn  as 
one  or  more  straight  line  segments  each  of  which  may  approximate  a 
least  squares  fit  to  portions  of  the  target  array,  considered  as  a 
scatter  diagram.  The  user  positions  the  main  track  to  avoid  the 
areas  of  higher  air  defense  intensity  as  much  as  possible.  For  a 
well  constituted  defense,  however,  it  will  be  difficult  to  choose 
a preferred  path.  The  choice  in  this  case  would  probably  be  that 
of  the  shortest  route— to  minimize  exposure  time  and  thereby  min- 
imize the  opportunity  for  the  defense  to  accumulate  Intelligence 
about  the  raid.  To  further  circumscribe  the  raid,  parallel  lines 
are  constructed  on  both  sides  of  the  track  (see  Figure  2-8)  repre- 
senting the  overall  corridor  limits  in  which  the  raid  will  take 
place.  The  corridor  width  is  based  on  a conservative  estimate  of 
the  distance  aircraft  can  depart  from  the  track  and  still  be  pro- 
tected by  the  air  defense  suppression  conducted  as  part  of  the 
raid.  The  width  can  be  varied  as  experience  with  the  air  defense 
Is  developed. 

(c)  In  the  third  sub-step  the  user  defines  the  spurs  off 
the  main  raid  track  which  take  the  aircraft  Into  the  targets.  The 
spurs  are  taken  at  some  convenient  turnoff  angle  with  respect  to 
the  main  track,  as  shown  in  Figure  2-8.  The  definition  of  the 
track  spurs  is  important,  since  each  spur  becomes  a line  segment 
of  the  track  and  must  be  accounted  for  In  the  track  specification 
to  the  model.  To  accommodate  the  spurs,  which  leave  the  main 
track  and  stop,  an  artificial  spur  Is  introduced  In  each  case  to 
bring  the  free  end  of  the  spur  back  to  the  main  track.  The  tech- 
nique is  illustrated  In  Figure  2-9.  Each  of  the  dotted  segments 
Is  Identified  to  the  model  by  its  end  points  and  Its  artificial 
status  identified  by  use  of  a "backtrack"  flag,  which  allows  the 
model  to  ignore  the  segment  for  computational  purposes,  while 
maintaining  the  integrity  of  the  track  segment  sequence.  The  user 
Identifies  for  each  segment  of  the  track  the  following  character- 
istics: 

t reference  number  and  type  of  target.  If  any,  asso- 
ciated with  an  end  point, 

• track  segment  backtrack  indicator. 
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Figure  2-8.  Raid  Track  Line  Segments 


For  the  scenario  under  consideration,  the  track  data  are  as  shown 
in  Figure  2-10.  As  read  from  left-to-right,  the  display  tabulates 
for  each  Track  Point  the  reference  number  (NR),  the  X-coordlnate 
(X),  Y-coordlnate  (Y),  the  presence  (1)  or  absence  (0)  of  a conti- 
nuity indicator  (BKTRK) , the  target  reference  number  (TGNR) , If 
any,  associated  with  the  point,  and  the  target  type  (TGTY)  corre- 
sponding to  the  target  reference  number. 

(d)  With  the  use  of  the  artificial  line  segments  is  be- 
comes possible  to  arrange  the  raid  track  segments  in  any  order, 
and  thereby  reflect  the  sequence  in  which  targets  are  to  be  at- 
tacked. Deep  targets,  for  example,  can  be  attacked  by  one  wave 
before  shallow  targets  are  attacked  by  a second  wave  by  specifying 
the  line  segments  to  the  deep  targets  and  then  using  the  backtrack 
Indicator  to  bring  the  track  back  to  the  area  of  the  shallow  tar- 
gets. Turn-offs  to  these  targets  can  then  be  specified.  This  tim- 
ing aspect  is  significant  from  an  intercept  standpoint.  Inter- 
cepts are  computed  on  a first  opportunity  basis.  A deep  raid  pre- 
ceding a shallow  raid  may  cause  the  intercepts  to  accumulate  on 
the  deep  raid  track  segments,  leaving  the  shallow  raid  targets 
less  well  defended.  A shallow  raid  preceding  a deep  raid  may 
shift  the  intercepts  to  the  shallow  track  segments  and  leave  the 
deep  targets  less  well  defended. 


(2)  Examine  HIMAD  Unit  Intercepts.  The  user  examines  the 
HIMAD  Unit  Intercepts  display  for  the  intercepts  along  the  raid 
track  completed  by  the  model.  The  display  format  (Figure  2-11)  is 
that  used  earlier  in  that  it  depicts  the  defended  region,  as  sub- 


divided into  5km  square  cells.  The  display  shows  the  raid  track 


points  including  both  main  track  and  spur  track  segments,  along 
with  target  information.  The  line  segments  connecting  the  track 


segment  points  are  added  manually,  at  the  option  of  the  user,  to 
Increase  the  clarity  of  the  display.  On  each  segment  (approxi- 
mately at  the  midpoint)  is  shown  the  number  of  HIMAD  units  inter- 


cepting on  the  segment.  Further  details  of  the  intercept  on  each 
segment  are  provided  in  the  Track  Intercept  Summary  display  de- 
scribed in  paragraph  2-3c(4). 


(3)  Examine  HIMAD  Launcher  Intercepts.  The  user  examines 
the  HIMAD  Launcher  Intercepts  display  for  launcher  intercepts 
along  the  raid  track.  This  display  (Figure  2-12),  is  the  inter- 
cept counterpart  of  the  HIMAD  Launcher  Coverage  display,  in  that 
it  shows  the  number  of  launchers  intercepting  along  each  track 
segment. 
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Figure  2-10.  Track  Point  List  Display 
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(4)  Examine  Intercept  Summary.  The  user  examines  the  Track 

Intercepts  Summary  display.  This  display  (Figure  2-13)  gives  de- 
tails of  each  Intercept,  in  segment  order.  The  data  of  particular 
interest  to  the  user  are  enclosed  within  the  rectangular  blocks. 
Within  block  A are  the  data  associated  with  the  identification  of 
the  Intercept,  that  Is,  a reference  number  (NR)  of  the  Intercept, 
the  target  number  (TGNR)  and  target  type  (TGTY)  associated  with 
the  segment  in  which  the  intercept  occurs  (MT  under  TGTY  refers  to 
an  intercept  on  main  track  segment),  the  track  segment  on  which 
the  intercept  occurs  (SGMT)  and  the  reference  number  (AD)  of  the 
intercepting  HIMAD  Unit.  Within  Block  B are  the  coordinates  (XI, 
YI)  at  which  the  Intercept  occurs.  Within  Block  C are  the  data 
associated  with  the  Intercept  conditions,  that  Is,  the  PTL  azi- 
muth, adjusted  as  necessary  to  permit  Intercept  (ADJPT),  the  num- 
ber of  launchers  which  engage  (NLHR)  and  the  cumulative  number  of 
missiles  (CUMMSL)  which  engage  on  the  track,  up  to  the  present 
Intercept  point.  The  remaining  columns  of  information  provide 
intermediate  results  of  the  intercept  calculations  for  reference 
purposes  as  follows:  the  slope  (M)  and  Y -intercept  (YO)  of  the 

line  segment  on  which  the  intercept  occurs,  the  coordinates  of  the 
unit  (XS,  YS)  conducting  the  intercept,  the  range  to  the  target  at 
Intercept  (R),  the  original  PTL  of  the  HIMAD  Unit  (PTL),  the  angle 
between  the  line  connecting  the  unit  and  the  target  and  the  posi- 
tive X-axis  (ARCTAN),  the  angle  between  this  line  and  the  positive 
Y-axis  (AZI),  the  angle  between  this  line  and  the  PTL  (AZD)  and 
the  angle  through  which  the  PTL  must  be  moved  to  permit  intercept 
(PTLCHG). 

(5)  Decide  Intercept  Acceptability 

(a)  The  user  must  decide  If  the  pattern  of  intercepts  as 
shown  is  acceptable.  The  air  defender  is  concerned  that  the  pat- 
tern represents  the  best  possible  defense.  The  attacker  is  con- 
cerned that  the  pattern  represents  the  best  possible  evasion  of 
the  defense. 

(b)  There  can  be,  however,  appreciable  variation  In  this 
intercept  pattern,  due  to  the  sector  coverage  characteristics  of 
the  HIMAD,  depending  upon  the  structure  of  the  raid  track  (i.e., 
the  disposition  of  the  main  track  and  spur  tracks).  For  raids 
which  make  limited  excursions  to  either  side  of  the  track,  a Con- 
servation of  Defense  principle  may  be  considered  to  be  in  effect, 
namely,  that  the  total  number  of  intercepts  remains  approximately 
constant  and  is  redistributed  depending  upon  the  structure  of 
raid.  Put  another  way,  deeply  raiding  aircraft  penetrating  along 
the  main  raid  track  could  encounter  reduced  opposition  if  a pre- 
ceding attack  by  aircraft  striking  shallow  targets  causes  missile 
exhaustion  before  reload  is  possible.  The  exploitation  of  this 
effect  is  the  task  of  the  user. 
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(6)  Revise  Inputs.  If  the  pattern  of  intercepts  is  unac- 
ceptable or  if  alternative  tracks  are  suggested  which  will  favora- 
bly alter  the  intercept  distribution,  then  revised  inputs  are  pre- 
pared. The  user  continues  to  iterate  the  steps  of  this  Interacti- 
onlevel  until  an  acceptable  pattern  of  engagement  is  achieved. 

The  user  may  then  proceed  to  the  next  level  of  interaction--a  con- 
sideration of  possibilities  for  HIMAD  suppression. 

d.  Interaction  Level  3 - HIMAD  Suppression.  The  user  activi- 
ties associated  with  Interaction  Level  3 are  flowcharted  In  Figure 
2-1 ( c ) and  discussed  in  the  following  paragraphs. 

(1)  Enter  Suppression  Data.  The  user  Identifies  both  the 

total  number  and  mix  of  air  defense  suppression  assets  available 
to  clear  the  raid  track.  In  the  present  model,  the  mix  is  speci- 
fied in  terms  of  the  proportions  of  each  of  three  types  of  air 
defense  suppression  assets,  namely:  stand-off  (ARM)  aircraft, 

ground  attack  (rocket)  aircraft  and  decoy  (unarmed  remotely-pil- 
oted) aircraft.  The  assets,  as  input  for  the  model  for  the  sce- 
nario under  consideration,  are  shown  as  Part  1 of  the  HIMAD  Sup- 
pression Estimate  display  described  in  the  following  paragraph. 

(2)  HIMAD  Suppression  Estimate.  The  user  examines  the  HIMAD 
Suppression  Estimate  as  displayed  by  the  model.  The  estimate  (Fig- 
ure 2-14)  is  organized  in  three  parts. 

(a)  In  Part  I of  the  display  the  characteristics  are  given 
for  each  of  the  three  aircraft  types  (AC1,  AC2,  AC3.  For  each 
aircraft  type  there  Is  a specification  of  the  number  of  the  par- 
ticular air  defense  suppression  weapon  carried  (WPNR),  the  single 
shot  kill  probability  of  the  weapon  (WPPR)  and  the  desired  cumula- 
tive kill  probability  to  be  achieved  using  the  weapon  against  a 
single  HIMAD  unit  (ADPR).  It  will  be  noted  that  for  AC3,  the  un- 
armed remotely  piloted  aircraft,  the  "kill"  mechanism  is  that  of 
depleting  the  resources  of  the  HIMAD  Unit  engaged  by  successfully 
decoying  each  of  the  unit  missiles.  As  a consequence,  the  WPNR, 
WPPR  and  ADPR  data  are  not  displayed  for  AC3.  Part  1 also  in- 
cludes an  additional  line  of  information  identified  as  PERAD. 

This  line  indicates  the  number  of  aircraft  of  each  type,  computed 
by  the  model  being  required  to  kill  an  individual  HIMAD  Unit  to 
the  probability  specified  in  ADPR.  In  the  case  of  AC3,  the  value 
is  set  equal  to  the  maximum  number  of  missiles  per  unit.  These 
values  are  used  later  in  the  calculation  of  the  overall  suppres- 
sion estimate. 
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Figure  2-14.  HIMAD  Suppression  Estimate  Display 
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(b)  Part  2 (and  Part  3)  of  the  HIMAD  Suppression  Estimate 
provides  two  basic  sets  of  information,  with  respect  to  achieving 
access  to  (stated  percentages  of)  the  target  array.  First  it  In- 
dicates the  number  of  air  defense  suppression  aircraft  by  type 
(AC1,  AC2,  AC3)  and  total  number  of  aircraft  (TL)  which  are  re- 
quired to  suppress  the  air  defense  units  defending  the  stated  per- 
centage of  the  target  array  (PCT  TGMSR  1).  The  display  also  In- 
dicates the  fraction  (or  multiple)  of  the  available  aircraft 
this  number  of  aircraft  represents  (see  AC  UR  column).  The  (N) 
value  under  PCT  TGMSR  1 indicates  the  total  number  of  targets. 

The  (PC)  values  under  the  aircraft  columns  are  the  percentage  of 
each  aircraft  type  used.  The  (TTLAC)  value  is  the  total  number  of 
aircraft  available.  Second,  the  display  indicates  the  percentage 
of  the  HIMAD  units  suppressed  (PCT  AD)  in  achieving  access  to  the 
stated  percentage  of  the  target  array.  The  (N)  value  under  the 
PCT  AD  column  is  the  total  number  of  HIMAD  units  carrying  out  in- 
tercepts. 

The  first  and  last  columns  of  Part  2 of  this  display  thus  pro- 
vide trade-off  information  on  the  percent  of  targets  accessed  ver- 
sus the  percent  of  HIMAD  suppressed  in  achieving  this  access.  For 
example,  v>  attack  60  percent  of  the  targets  would  require  54 
stand-off  attack  aircraft,  27  ground  attack  aircraft  and  27  decoy 
aircraft  and  would  suppress  57  percent  of  the  HIMAD.  The  aircraft 
utilization  ( ACUN ) in  this  instance  is  1.080,  that  is,  8 percent 
more  aircraft  than  the  100  specified  as  available,  are  required  to 
carry  out  the  suppression. 

(c)  Part  3 of  the  HIMAD  Suppression  Estimate  display  pro- 
vides similar  information  except  that  percent  of  the  target  array 
is  replaced  by  a weighted  measure  of  the  target  array  (TGMSR  2). 
Targets  are  weighted  by  their  distance  down  the  track.  Deep  tar- 
gets now  have  greater  value  than  shallow  targets.  This  measure 
attempts  to  compensate  for  the,  typically,  unequal  geographic  dis- 
tribution of  targets,  with  the  preponderance  of  targets  shallow  on 
the  track  and  only  a few  deep  on  the  track.  By  way  of  example, 
and  as  a comparison  with  Part  2,  to  attack  60  percent  of  the 
weighted  target  array  would  require  81  stand-off  attack  aircraft, 
40  ground  attack  aircraft  and  40  decoy  aircraft  ana  would  suppress 
85  percent  of  the  HIMAD.  The  aircraft  utilization  (ACUR)  in  this 
instance  is  1.62,  that  is,  62  percent  more  aircraft  than  that 
specified  as  available  are  required  to  carry  out  the  suppression. 

(3)  Decide  HIMAD  Suppression  Estimate  Acceptability.  The 
user  must  decide  how  effective  the  suppression  has  been  against 
the  HIMAD  as  relatea  to  the  amount  of  the  target  array  opened  to 
attack.  If  the  necessary  numbers  of  aircraft  are  not  available 
the  user  has  several  options  available.  He  may  elect  to  change 
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the  mix  of  suppression  aircraft;  he  may  decide  to  limit  the  attack 
to  some  percentage  of  the  target  array;  or  he  may  decide  to  delete 
targets  and  associated  track  spurs  to  consolidate  the  attack, 
thereby  reducing  the  number  of  HIMAD  units  in  play. 

(4)  Revise  Inputs.  As  necessary,  the  user  modifies  the  In- 
put, either  with  respect  to  the  mix  of  suppression  aircraft,  the 
number  of  targets  associated  with  the  raid  track,  or  both.  The 
steps  of  the  interaction  level  are  then  iterated  until  an  accept- 
able application  of  suppression  assets  are  achieved. 

e.  Holistic  View  of  Interaction.  The  model  has  been  described 
in  terms  of  discrete,  sequential  steps  of  interaction.  This  Is  a 
simplification  for  purposes  of  exposition.  In  actual  use,  changes 
may  be  made  at  several  levels  of  interaction  at  once,  to  accom- 
plish an  analysis  more  broad  in  scope  than  that  presented  by  way 
of  illustration.  As  an  operating  entity,  the  model  accepts  the 
inputs  associated  with  the  three  levels  at  one  time  and  generates 
all  outputs  in  a single  computation  process.  Depending  upon  the 
interest  of  the  user,  the  inputs  at  any  level  of  interaction  may 
be  fixed  and  the  model  iterated  with  respect  to  the  remaining 
level (s).  For  example,  an  air  defense  planner  might  hold  the 
track  fixed  (Level  2),  the  air  defense  suppression  fixed  (Level 
3),  and  vary  the  HIMAD  deployment  (Level  1).  A raid  planner  might 
hold  the  deployment  fixed  (Level  1),  the  raid  track  fixed  (Level 
2),  and  vary  the  suppression  assets  (Level  3).  Viewed  holisti- 
cally, the  model  provides  eight  displays  of  information  considered 
essential  to  the  understanding  and  resolution  of  the  issues  asso- 
ciated with  raid  track  assessment  itemized  in  the  Introduction 
(Paragraph  1-3).  The  relationship  of  each  of  these  issues  to  each 
of  these  displays  is  summarized  in  Table  2-2. 

2-4.  OPTIONAL  OUTPUTS.  The  model  automatically  provides  the  map 
and  summary  outputs  associated  with  the  interaction  levels  de- 
scribed in  the  preceding  paragraphs.  In  addition,  there  are 
available,  on  request,  outputs  which  display  the  Input  data. 

These  outputs  are  provided  so  that  the  user  may  have  a convenient 
reference  to  the  input  Information.  The  user  nny,  however,  elect 
to  discontinue  receiving  any  or  all  of  these  displays  as  the  work 
with  the  model  progresses.  A total  of  seven  such  outputs  are 
available,  as  described  in  the  following  sections. 

a.  HIMAD  Unit  List.  This  display  lists  the  HIMAD  characteris- 
tics input  by  the  user.  The  display  has  been  previously  discussed 
(paragraph  2-3.b(l)(a))  and  shown  in  Figure  2-2. 

b.  Target  List.  This  display  lists  the  target  characteristics 
input  by  the  user.  The  display  has  been  previously  discussed 
(paragraph  2-3.b(l)(b))  and  shown  in  Figure  2-4. 
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d.  Intercept  Range  Table.  This  display  (Figure  2-15)  is  a 
table  which  shows  the  HIMAD  intercept  ranges  input  by  the  user  for 
the  division,  corps  and  rear  areas  for  each  of  three  flight  pro- 
files (high,  low  and  hop).  These  intercept  range  values  are  de- 
termined by  the  user  from  performance  curves  for  the  HIMAD  which 
relate  intercept  range  to  altitude.  The  particular  values  are 
those  which  correspond  to  the  altitudes  at.  which  the  raid  aircraft 
will  fly  as  they  transit  the  division,  corps  and  rear  areas.  It 
should  be  noted  that  the  HIMAD  performance  curves  for  Intercept 
distance  are  stated  for  particular  conditions  of  aircraft  size, 
formation  and  movement  as  well  as  prevailing  ECM  conditions.  As 
such,  they  implicitly  attribute  these  conditions  to  the  raid  under 
assessment.  The  range  values  shown  in  the  display  are  quantized 
by  the  model  into  units  of  5 km,  to  match  the  resolution  of  the 
map  display.  The  input  is  considered  preset,  as  a HIMAD  technology 
characteristic,  not  subject  to  user  manipulation  as  part  of  the 
analysis  process. 
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e.  Intercept  Sector  Matrix.  This  display  (Figure  2-16)  shows 
the  square  (20  x 20) /matrix  repeatedly  used  by  the  program  to 
generate  the  HIMAD  Uhit  Coverage  ?nd  HIMAD  Launcher  Coverage  dis- 
plays. The  numbers  are  positioned  in  the  matrix  so  that  the  se- 
lection of  all  the  elements  with  a particular  number  forms  (ap- 
proximately) a sector  22.5  degrees  in  width.  Recall  that  the  ma- 
trix is  actually  square  and  that  the  angle  shown  in  the  figure  is 
distorted  by  the  line  printer.  An  intercept  sector,  of  say  90 
degrees,  may  thus  be  formed  by  selecting  the  elements  correspond- 
ing to  four  (4x22.5  = 90°)  consecutive  numbers  (with  appropriate 
adjustments  where  the  numbers  revert  from  16  back  to  1).  The  PTL 
of  the  sector  is  taken  into  account  by  selecting  the  sequence  of 
four  numbers  which  orient  the  sector  in  the  direction  of  the  PTL. 
The  figure  illustrates  the  situation  of  a 90  degree  sector  ori- 
ented to  a PTL  of  90  degrees  by  selection  of  numbers  5 through  8. 
The  intercept  range  associated  with  the  sector  Is  accounted  for  by 
interpreting  the  matrix  as  a series  of  concentric  rings  (squares) 
ranging  out  from  the  center,  each  ring  being  5 km  in  width,  corre- 
sponding into  the  resolution  of  the  coverage  displays.  The  20x20 
array  thus  contains  10  rings.  Ring  10,  for  example,  consists  of 
the  numbers  on  the  periphery  of  the  matrix,  and  represents  a range 
of  50-54  km,  while  Ring  1 consists  of  the  4 zeros  at  the  center  of 
the  matrix,  with  a range  of  5 km.  The  matrix  is  employed  in  this 
manner  to  determine  the  sector  coverage  of  each  HIMAD  unit.  The 
pattern  of  elements  thus  obtained  is  transferred  to  the  coverage 
displays  positioned  on  the  HIMAD  unit  location. 
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Overmark  Illustrates  use  of  matrix  values  (bounded  by  solid 
line)  to  approximate  an  intercept  sector  (dashed  line)  extending 
out  50  km  (to  edge  of  matrix)  at  PTL  azimuth  of  90  degrees. 


Figure  2-16.  Intercept  Sector  Matrix  Display  with  Ovemark 
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Since  the  coverage  of  units  may  overlap,  provision  is  made  to  sum 
the  coverage  in  map  cells  where  this  occurs.  It  should  be  noted 
that  the  matrix,  with  its  limited  representation  of  the  actual 
intercept  sector,  is  only  used  for  mapping  purposes.  The  calcula- 
tion of  intercepts,  as  shown  in  the  Track  Intercept  Summary,  is 
done  analytically  in  a subroutine  to  the  main  program. 

f.  Map  Symbology  Selection.  This  display  (Figure  2-17)  is  a 
table  which  shows  the  symbols  set  information  selected  by  the  user 
to  be  printed  in  the  map  displays.  The  symbols  sets  available  for 
printing  are: 

t HIMAl)  Unit  Locations  (Units) 

• Targets  Locations  (TGTS) 

• Track  Points  (TRKPTS) 

t Boundary  Segments  (BDYSGM) 

The  model  makes  six  passes  in  producing  map  displays  and  the  sym- 
bology is  separately  specified  for  each  pass.  A "1"  entry  indi- 
cates the  symbol  set  is  to  appear,  a "0"  entry  that  it  is  not  to 
appear.  The  basic  idea  is  to  limit  the  amount  of  information  dis- 
played to  that  which  the  user  can  most  effectively  use.  The  se- 
lection is  indicated  as  part  of  the  user  input  data  (see  paragraph 
3-4e). 

g.  Boundary  Segment  List.  This  display  (Figure  2-18)  lists 
the  boundary  segment  information  input  by  the  user.  For  each  seg- 
ment, the  list  indicates  the  segment  number  and  the  coordinates  of 
each  end  of  the  segment  (XI,  Yl,  X2,  Y2).  The  present  design  of 
the  model  only  allows  for  specification  of  either  horizontal  or 
vertical  segment'.  The  segments  delineate  the  division,  corps, 
and  rear  areas  to  orient  the  user  to  the  region  under  analysis. 
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Figure  2-17.  Map  Symbology  Selection  Display 
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CHAPTER  3 

MODEL  MECHANIZATION 


3-1.  ORGANIZATION.  The  program  is  organized  Into  blocks  of 
FORTRAN  code  and  associated  subroutines  as  shown  In  Figure  3-1. 

The  program  first  carries  out  the  commutations  of  HIMAD  coverage 
and  HIMAD  Intercepts  along  the  raid  track.  The  program  next  iter- 
ates through  a map  generation  sequence,  with  each  iteration  pro- 
ducing one  of  six  map  outputs  descriptive  of  the  Input,  coverage 
and  Intercept  conditions.  The  model  n«t  produces  a tabular  sum- 
mary of  the  intercept  conditions  and  then  proceeds  to  compute  and 
print  the  estimate  of  the  HIMAD  suppression  associated  with  the 
raid  track.  An  overview  description  of  the  model  code  blocks 
which  carry  out  these  operations  is  given  in  the  following  para- 
graphs. 
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3-2.  CODE  BLOCK  DESCRIPTIONS,  a.  Block  000  - Declare  Variables. 
This  block  is  used  to  declare  the  type  and  size  of  arrays  and  to 
assign  values  to  variables.  The  arrays  are  sized  to  handle  up  to 
the  following  number  of  elements. 

• HIMAD  Units  60 

• Targets  20 

• Track  points  40 

b.  Block  100  - Read- In  Control  Data.  This  block  is  used  to 
read  into  the  model  all  the  data  values  which  are  preset,  that  is, 
not  subject  to  user  manipulation  as  part  of  the  analysis  process. 
Six  types  of  input  are  involved  as  follows: 

(1)  Target  Types.  A single  punched  card  is  used  to  identify 
the  symbols  used  for  the  twelve  target  types  on  the  map  display 
{see  Table  2-1  for  list). 

(2)  Area  Types.  A single  punched  card  is  used  to  identify 
the  symbols  used  for  the  three  area  types  (D  for  Division,  C for 
Corps,  R for  Re  '*). 

(3)  Quantized  Intercept  Range  Table.  A three-card  set  is 
used  to  identify  the  quantized  intercept  ranges  associated  with 
the  three  flight  profiles  (HHH,  LLL,  HOP)  used  in  the  model. 
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(4)  Alpha-to-Numeric  Conversion  Table.  A single  punched 
card  Is  used  to  identify  the  conversion  table  which  appears  as  an 
inset  in  the  HIMAD  Launcher  Coverage  (Figure  2-7)  and  HIMAD 
Launcher  Intercepts  (Figure  2-12)  displays. 

(5)  Intercept  Sector  Template.  A multi -card  set  is  used  to 
identify  the  Intercept  sectors  at  various  azimuths  of  PTL  for  use 
in  the  mapping  of  the  HIMAD  Unit  Coverage  (Figure  2-6)  and  HIMAD 
Launcher  Coverage  (Figure  2-7)  displays. 

(6)  Boundary  Segments.  A multi-card  set  is  used  to  Identify 
the  X and  Y coordinates  of  the  boundary  segment  end  points  which 
divide  the  defended  region  into  division,  corps  and  rear  areas. 

c.  Block  160  - Read-In  User  Data.  This  block  is  used  to  read- 
in  data  prepared  by  the  user  for  the  purposes  of  analysis.  Eight 
types  of  user  input  are  involved  as  follows: 

(1)  Raid  Aircraft  Data.  A single  punched  card  is  used  to 
indicate 

• flight  profiles  (e.g.  selected  from  those  available  high 
(HHH) , low  (LLL)  or  division  hop(HOP)) 

• total  number  of  air  defense  suppression  aircraft 
available 

• mix  (in  percentages)  of  three  types  of  air  defense 
suppression  aircraft  available. 

(2)  Suppression  Data.  A two-card  set  is  used  to  Indicate 
the  characteristics  of  the  two  armed  types  of  armed  aircraft  used 
for  HIMAD  suppression.  Each  aircraft  type  carries  the  other  and 
to  a single  weapon  type  matched  to  the  performance  characteristics 
of  the  aircraft.  One  card  is  used  for  each  aircraft  to  indicate: 

• single  shot  probability  of  kill  for  weapon  type  carried 

• number  of  weapons  carried 

• cumulative  probability  of  kill  of  HIMAD  to  be  achieved 
by  weapon 

The  third  aircraft  type,  the  remotely  piloted  vehicle,  is  con- 
sidered unarmed.  The  model  employs  these  aircraft  solely  to  de- 
plete the  missile  stock  of  a HIMAD  unit  and  expends  20  aircraft 
per  HIMAD  unit  in  making  the  suppression  calculations. 
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(3)  Graphics  Scale  Data.  A single  card  is  used  to  indicate 
the  lower  values  of  the  x scale  and  y scale  to  be  used  in  the  map 
graphic  outputs. 

(4)  Optional  Display  Selection.  A single  card  is  used  to 
indicate  which  of  the  optional  model  outputs  are  desired.  The 
selection  is  indicated  by  setting  a flag  to  "1"  if  the  output  Is 
desired  or  "0"  if  it  is  not.  The  available  optional  displays,  as 
described  in  paragraph  2-4,  are  as  follows. 

• HIMAD  Unit  List 

• Target  List 

• Track  Point  List 

• Quantified  Intercept  Range  Table 

• Intercept  Sector  Matrix 

• Map  Symbology  Selection 

§ Boundary  Segment  List 

(5)  Map  Symbology  Selection.  A six-card  set  is  used  to  in- 
dicate which  of  the  four  available  sets  of  map  symbols  are  to  ap- 
pear in  the  map  displays.  One  card  is  used  for  each  map  and  the 
selection  is  indicated  by  setting  a flag  to  "1"  if  the  symbols  are 
desired,  or  "0"  if  they  are  not.  The  available  symbol  sets  are  as 
follows: 

• HIMAD  units 

t Targets 

• Boundary  segments 

• Track  points 

(6)  HIMAD  Unit  Data.  A set  of  punched  cards  Is  used  to 
identify  the  HIMAD  deployment.  One  card  is  used  for  each  HIMAD 
unit  to  indicate: 

t unit  reference  number 

• Y-coordinate 

• X-coordinate 


V 


3-4 


1 


I 

CAA-TP-77-5 

• Defended  area  (division,  corps,  rear) 

• PTL  azimuth 

• number  of  launchers  at  ready 

(7)  Target  Data.  A set  of  punched  cards  Is  used  to  Identify 
the  target  array.  One  card  is  used  for  each  target  to  Indicate: 

• target  reference  number 
t X-coordinate 
t Y-coordinate 

• target  type  (12  types) 

• area  (division,  corps,  rear) 

(8)  Track  Points.  A set  of  punched  cards  Is  used  to  Iden- 
tify the  end  points  of  the  line  segments  which  make  up  the  raid 
track.  The  track  is  considered  to  be  made  up  of  a main  track  and 
spur  tracks  which  branch  off  the  main  track  to  take  the  aircraft 
to  the  individual  targets.  The  track  is  defined  by  a sequence  of 
points  which  divide  the  track  into  continuous  segments.  One 
punched  card  is  used  for  each  track  point  to  indicate: 

• Point  reference  number 

• X coordinate 

• Y coordinate 

• Reference  number  of  target  associated  with  point,  if  any 

• Type  of  referenced  target,  if  any 

• Backtrack  indicator 

d.  Block  250  - Print-out  Optional  Displays.  This  block  tests 
to  determine  if  the  user  requires  any  of  the  optional  model  out- 
puts. If  any  outputs  are  required,  the  block  performs  a call  to 
the  subroutine  DSYOPT  to  generate  the  outputs. 

e.  Block  300  - Compute  Track  Intercepts 

(1)  This  block  carries  out  the  track  Intercept  calculations 
by  a series  of  calls  to  three  subroutines.  The  call  to  the  first 
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subroutine  (TRKICP)  initiates  testing  of  all  track  segments 
against  all  HIMAD  units.  The  subroutine  determines  whether  a line 
segment  comes  within  a circle  corresponding  to  the  HIMAD  unit  in- 
tercept range  (i.e.,  an  intercept  prospect).  The  Intercept  range 
used  is  based  on  the  aircraft  altitude,  determined  in  turn  from 
the  flight  altitude  profile  for  the  defended  area  over  which  the 
aircraft  is  flying.  Recall  that  the  user  Indicated  a defended 
area  (division,  corps,  rear)  for  each  HIMAD  unit  and  also  selected 
the  flight  altitude  profile.  Where  an  Intercept  prospect  is  noted 
for  a particular  unit  on  a particular  track  segment,  a prospect 
flag  is  set  for  that  HIMAD  unit  indicating  the  track  segment  In- 
volved. The  coordinates  of  the  point  of  intersection  are  also 
stored. 

(2)  Upon  completion  of  the  intercept  prospect  calculations, 
the  block  passes  control  to  the  second  subroutine  (TSTPTL).  This 
subroutine  examines  all  the  intercept  prospects  identified  in  the 
first  subroutine  and  determines  whether  the  intercept  prospect  can 
be  exploited.  The  determination  based  upon  the  orientation  of  the 
target  with  respect  to  the  intercept  sector  of  the  HIMAD  unit. 

The  intercept  sector  is  set  to  a width  of  90  degrees  in  the  pre- 
sent design  but  may  be  adjusted  to  other  values  by  suitable 
changes  to  the  code  in  TSTPTL.  For  prospects  which  occur  within 
the  basic  coverage  intercept  sector,  intercept  by  all  system 
launchers  is  possible.  For  prospects  outside  the  basic  sector, 
the  sector  orientation  is  changed  and  the  number  of  launchers 
available  for  intercept  are  reduced.  Finally,  for  prospects  which 
require  a sector  reorientation  beyond  the  system  limits,  no 
launchers  are  available  and  the  HIMAD  unit  cannot  exploit  the  op- 
portunity. For  those  intercept  prospects  which  can  be  exploited 
(worked),  the  subroutine  calculates  any  changes  necessary  in  the 
sector  orientation  and  also  calculates  the  resultant  number  of 
launchers  available  for  intercept.  A "worked"  flag  is  set  to  in- 
dicate when  the  HIMAD  unit  is  committed  to  an  intercept  and  on 
which  segment  the  intercept  takes  place. 

(3)  Upon  completion  of  the  intercept  processing,  the  block 
passes  control  to  a third  subroutine  ( ICPCNT ) . This  subroutine 
examines  each  worked  flag  to  identify  the  segment  on  which  the 
Intercept  occurred.  The  subroutine  counts  and  stores  the  total 
number  of  intercepts  which  have  occurred  on  each  segment.  A sepa- 
rate count  Is  made  of  the  number  of  units  and  the  number  of 
launchers  which  intercept  on  each  segment.  This  completes  pro- 
cessing by  the  block. 


f.  Block  400  - Control  Map  Generation.  This  block  controls 
the  generation  of  the  six  map  displays  produced  by  the  model.  The 
block  produces  each  map,  in  turn,  by  routing  the  model  processing 
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through  the  appropriate  blocks  of  codes.  (Blocks  425,  465,  475, 
and  500.)  As  each  map  is  produced,  the  program  returns  to  this 
block  for  routing  instructions  for  the  next  map,  until  all  six 
maps  have  been  produced.  The  block  routinely  clears  the  data  as- 
sociated with  the  last  map  before  going  on  to  the  next  map. 

(1)  Block  425  - Load  Maps:  Sector  Coverage.  This  block  Is 

the  first  of  four  blocks  used  to  insert  data  into  the  arrays  which 
produce  the  map  displays.  The  block  uses  the  intercept  sector 
matrix  to  transfer  the  intercept  sector  of  each  HIMAD  tn  the  map 
arrays.  The  transfer  is  carried  out  for  each  HIMAD  unit  and  the 
coverage  is  summed  in  those  cells  where  overlap  occurs. 

(2)  Block  465  - Load  Maps:  Intercept  Counts.  This  block 

loads  the  map  arrays  with  the  counts  of  the  intercepts  which  occur 
along  the  individual  raid  track  segments  as  determined  in  the 
ICPCNT  subroutine.  The  counts  are  positioned  approximately  midway 
along  the  segment.  On  the  first  pass  through  the  block,  the  map 
is  loaded  with  the  count  of  unit  intercepts  on  each  segment.  On 
the  second  pass,  the  count  of  launcher  intercepts  is  loaded. 

(3)  Block  475  - Load  Maps;  Suppress  Zero  Cells.  This  block 
suppresses  the  contents  of  all  map  cells  with  zero  entries  (l.e., 
a lack  of  coverage),  to  simplify  the  appearance  of  the  map.  The 
block  accomplishes  this  by  generating  a character  version  of  the 
(numeric)  map  arrays  and  in  the  process  substitutes  a blank  symbol 
for  all  map  cells  with  a (numeric)  zero  entry. 

(4)  Block  500  - Load  Maps:  Symbology.  This  block  tests  to 

determine  the  symbol  sets  which  are  to  be  included  in  each  map 
display.  The  symbols  available  are  HIMAD  and  target  locations, 
boundary  segments  and  track  points.  The  block  then  performs  a 
call  to  the  subroutine  (MAPSYM)  to  generate  the  desired  symbology. 
The  choice  of  symbology  is  a user  input. 

(5)  Block  600  - Print-out  Maps.  This  block  prints  out  the 
map  displays.  The  print-out  function  is  activated  six  times,  one 
fcr  each  map  display. 

g.  Block  700  - Print-out  Track  Intercept  Summary.  This  block 
prints-out  the  details  of  the  track  intercepts  computed  by  the 
subroutines  called  by  Block  300.  The  data  are  presented  in  track 
segment  order.  In  addition,  the  block  makes  a calculation  of  the 
cumulative  number  of  missiles  (not  launchers)  committed  to  inter- 
cept on  the  track  up  to  each  intercept  point. 

h.  Block  800  - Process  Suppression  Estimates.  This  block 
makes  a call  to  the  subroutine  ADSEST.  This  subroutine  calculates 
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and  displays  the  estimate  of  air  defense  suppression.  The  esti- 
mate is  calculated  in  the  form  of  trade-off.  The  calculation  de- 
termines the  number  of  suppression  aircraft  (of  a specific  mix) 

(needed  to  clear  access  to  various  percentages  of  the  target  array. 

The  subroutine  computes  the  percentages  of  the  target  array  twice, 
using  two  separate  measures  of  the  target  array.  One  measure  Is  a 
i simple  count  of  the  number  of  targets  in  the  array.  The  other 

measure  weights  each  target  by  its  distance  down  the  raid  track 
and  sums  these  values  as  a weighted  count  of  the  target  array. 

The  subroutine  then  displays  the  two  separate  sets  of  trade-off 
data,  corresponding  to  the  two  definitions  of  the  target  array. 

. • 

3-3.  PROGRAM  CODE  LISTING.  A listing  of  the  program  qode  Is 
shown  In  Appendix  A.  The  code  executes  on  a CDC  6600. 

3-4.  PROGRAM  DATA  LISTING.  A listing  of  the  model  Inputs  used  to 
generate  the  displays  appearing  as  figures  In  this  report  Is  shown 
in  Appendix  B. 

3-5.  JOB  DAY  FILE.  The  machine  utilization  (CDC  6600)  associated 
with  compilation  and  execution  of  the  program  to  produce  the  out- 
puts Illustrated  in  this  report  Is  summarized  In  the  job  day  file 
shown  in  Figure  3-2. 


1 


MFA  SCOPE  3,4.4  PELEASE4?r.  03/05/Tf 

13.30.45. CDJJC4S  FROM  /AT 

13.30.45.  IPP  00005568  WOROS  - Fll.E  INPUT  . DC  00 
13.30.45 • CD J JC • T 24  • CONNELLY 

13. 30. 45.  TASK  JTNC079505. TPTS)  CONNELLY 
13.30.47.FTN. 

13.31.36.  5.655  CP  SECONDS  COMPILATION  T IMF 

13.31.37. LGO. 

13.31.43.  CM  LWA*  1 *1 00630P « LOADFp  USED  113300P 

13.31.49.  STOP 

13.31.49.  2.038  CP  SECONDS  EXECUTION  TIME 

13. 31. 49. 0«»P  00013120  WORDS  - FUE  OUTPUT  « OC  40 

13. 31. 49.  MS  14336  WORDS  < 25088  MAX  USED) 

13. 31. 49.  FL  100700  WORDS  MAXlMu-  CORE  UTILIZED 


13. 31. 49. CPA 

8.494 

SEC. 

.754 

S 

CP 

13.31.49.10 

4.459 

SEC. 

.098 

S 

10 

13.31. 49. CM 

192.918 

KWS. 

* .642 

s 

CM 

13. 31. 49. SS 

MAINFRAME  CHARGES 

1 .496 

TOT 

. 

13.31.49. 

• • • • 

NOTE  • 

• • • 

13. 31. 49.  CHARGES  FOR  CARDS  RfAO/PUNCHEO  AND 

13. 31. 49.  LINES  PRTD  NOT  INCLUOEH.  ADD  Si. 00  FOP 

13. 31. 49.  EACH  TAPE/DISK  MOUNTEO.  MIN  CHARGE  OF 

13. 31. 49.  $5. 00  APPLIES  TO  CENTRA).  SITE  BATCH. 

13. 31. 49.  AND  SI. 00  TO  REMOTE  BATCH. 

13. 31. 49.  PP  20.296  SEC.  DATF  03/31/77 

13. 31. 49.  EJ  END  OF  JOP,  A7 


Figure  3-2.  Job  Day  File 
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CHAPTER  4 
MODEL  REFINEMENT 


4-1.  INTRODUCTION.  Model  development  tends  to  become  a self-gen- 
erating activity.  Experience  with  the  design  and  use  of  the  model 
continually  generates  Ideas  for  refinements  which  appear  to  have 
merit  and  deserve  Implementation.  The  present  model  Is  no  excep- 
tion. However,  a cut-off  In  development  at  the  present  level  of 
capability,  which  provides  a basic  tool  for  HIMAD  studies,  Is 
appropriate.  For  the  record,  then,  several  refinements  are  pro- 
posed to  enhance  the  present  capability  and  to  Include  the  contri- 
bution of  the  other  elements  of  air  defense,  namely  SHORAD  and 
counterair.  These  refinements  are  discussed  In  the  following 
paragraphs. 

4-2.  ENHANCED  COVERAGE  DISPLAY,  a.  Proposal . The  HIMAD  Unit 
Coverage  display  (Figure  2-6)  and  HIMAD  Launcher  Coverage  display 
(Figure  2-7)  as  presently  produced  by  the  model  provide  numeric 
and  alpha  values,  respectively.  In  each  cell  of  the  display  to 
Indicate  the  level  of  coverage  achieved.  This  requires  a cell -by- 
cell Inspection  of  the  display  to  comprehend  the  Information  in 
all  Its  detail.  It  Is  proposed  to  preprocess  the  coverage  Infor- 
mation and  present  a display  shaded  to  various  degrees,  to  reflect 
the  various  coverage  levels.  This  will  provide  a more  readily 
interpretable  display  and  more  clearly  Indicate  the  variability  In 
the  defense  posture. 

b.  Critique.  The  change  involves  the  use  of  a printer  line- 
feed hold  command  which  will  permit  more  than  one  symbol  to  be 
printed  per  display  cell.  The  number  and  type  of  symbols  per  cell 
Is  chosen  to  produce  a filling  of  the  cell  space  with  character 
strikes,  which  Is  visually  sensed  as  a darkening  of  the  cell.  The 
effect  Is  graduated  so  that  the  shading  reflects  operationally 
significant  Increments  In  the  defense.  Some  experimentation  with 
the  shading  effect  will  be  needed,  but  the  technique  Is  well  un- 
derstood and  available  for  application. 

4-3.  SIMPLIFIED  RAID  TRACK  SPECIFICATION,  a.  Proposal . As  pre- 
sently structured,  the  model  requires  the  user  to  completely  spec- 
ify each  point  along  the  track.  This  involves  determining  the  end 
points  for  each  segment  of  the  main  track  and  each  spur  track.  It 
also  requires  specification  of  the  track  segments  Included  for 
continuity  (l.e.,  setting  the  "backtrack"  Indicator).  A substan- 
tial simplification  in  this  procedure  could  be  achieved  by  limit- 
ing the  user  input  requirement  to  specification  of  the  main  track, 
combined  with  a specification  of  the  targets  to  be  attacked.  The 


4-1 


CAA-TP-77-5 


targets  would  be  Identified  by  target  reference  number  In  the 
order  In  which  they  are  to  be  attacked.  This  technique  would 
eliminate  most  of  the  specification  of  track  point  X and  Y coordi- 
nates required  by  the  present  specification  scheme. 

b.  Critique.  There  are  several  Implementation  alternatives 
associated  with  this  proposal.  In  order  of  Increasing  complexity 
they  are: 

(1)  Alternative  1.  User  adds  to  the  target  Identification 
the  number  of  the  main  track  segment  and  the  X (or  Y)  coordinate 
of  the  point  on  this  segment  from  which  the  raid  aircraft  turn-off 
to  attack  the  target.  The  X (or  Y)  coordinate  Is  then  used  In 
conjunction  with  the  slope  of  the  segment  to  compute  the  corre- 
sponding Y (or  X)  coordinate.  This  turn-off  coordinate  pair.  In 
conjunction  with  the  coordinate  pair  of  the  target,  define  the 
spur  to  the  target,  and  provide  the  Information  necessary  to  set 
the  continuity  Indicator  for  the  back-track  segment. 

(2)  Alternative  2.  User  adds  to  the  target  Identification 
the  main  track  segment  from  which  the  raid  aircraft  turn-off  to 
the  target.  In  this  alternative,  the  point  of  turn-off  from  the 
segment  Is  selected  by  the  model  using  a turn-off  point  algorithm. 
This  establishes  the  point  of  turn-off  from  the  main  track,  and 
the  calculations  proceed  as  In  Alternative  1. 

(3)  Alternative  3.  User  specifies  the  targets  In  order. 

The  model  then  uses  a track  number  algorithm  to  select  the  par- 
ticular track  segment  for  turn-off  and  a turn-off  point  algorithm 
to  select  the  point  of  turn-off  from  this  segment.  The  calcula- 
tions then  proceed  as  In  Alternative  1. 

4-4.  RAID  SORTIE  SPECIFICATION,  a.  Proposal . The  model  In  Its 
present  form  assumes  a mass  raid  (target  rich)  environment  and 
allocates  all  available  missiles  to  each  Intercept  opportunity. 
There  Is  no  need  to  maintain  unlt-by-unlt  missile  availability 
counts  since  each  engagement  Is  assumed  to  totally  deplete  the 
missile  stocks  as  far  as  the  raid  In  progress  Is  concerned.  There 
may  be  situations  however,  where  this  assumption  results  In  un- 
realistically large  numbers  of  missiles  being  committed  to  the 
protection  of  targets.  It  Is  proposed  therefore  to  modify  the 
model  to  sped  fly  the  number  of  raid  aircraft  sorties  per  target 
and  thereby  more  realistically  model  the  number  of  missiles  com- 
mitted per  Intercept  opportunity. 

b.  Critique.  There  are  a number  of  ways  of  mechanizing  this 
limitation,  two  of  which  will  be  Indicated. 


4-2 


CAA-TP-77-5 

(1)  Alternative  1.  User  specifies  the  number  of  raid  alr- 
craft  sorties  for  each  target.  The  model  compares  this  number 
with  the  number  of  missiles  available  for  Intercept  and  chooses 
the  lesser  number  as  the  quantity  summed  Into  the  count  of  mis* 
slles  expended. 

(2)  Alternative  2.  User  specifies  a table  of  the  number  of 
raid  aircraft  sorties  by  target  type.  The  table  value  Is  then 
automatically  applied  by  type  to  each  target  In  the  array  and  the 
calculations  proceed  as  In  Alternative  1. 

4-5.  ITERATIVE  CAPABILITY,  a.  Proposal . As  presently  struc- 
tured,  the  model  accepts  one  set  of  user  Inputs  at  a time,  and 
presents  the  results  for  this  Input.  A substantial  Increase  In 
flexibility  could  be  achieved  by  making  provision  for  multiple 
sets  of  Input  data  and  multiple  outputs.  Included  In  these  out- 
puts would  be  one  or  more  summaries  of  the  data  across  the  set  of 
all  Inputs.  Such  summaries  would  expedite  the  parametric  analysis 
and  provide  compact  records  of  the  results. 

b.  Critique-  The  changes  Involved  are  minimal,  but  questions 
arise  regarding  selection  of  the  variations  In  Input  which  would 
be  most  appropriate  to  the  users  needs.  That  Is  to  say  the  Inputs 
to  be  considered  and  the  order  of  their  consideration  Is  not 
readily  apparent.  To  provide  a generalized  Input  set  capability 
would  be  possible  but  would  Involve  development  of  an  Input  speci- 
fication language  of  substantial  proportions.  Alternately,  the 
model  could  automatically  carry  out  parametric  variations  of  a 
single  set  of  user  Inputs.  It  would  appear  to  be  better  to  wait 
on  a period  of  working  level  experience  with  the  model.  This 
would  give  Insight  Into  the  preferred  sequences  for  variation  of 
the  Input  parameters  and  preferred  formats  for  display  of  the  re- 
sults across  families  of  variations. 


4-6.  TARGET  UTILITY  MEASURES,  a.  Proposal . The  present  model 
generates  a HIMAD-Suppresslon  Estimate  (paragraph  2-3.d(2)).  This 
display  provides  trade-off  data  between  number  of  air  defense  sup- 
pression aircraft  and  targets  accessed  by  suppressing  the  defense. 
Two  basic  measures  of  the  targets  are  provided  In  setting-up  this 
trade-off.  One  measure  counts  the  number  of  targets  and  works 
with  percentages  of  this  count  In  the  calculation  of  the  number  of 
suppression  aircraft  required.  The  other  measure  weighs  each  tar- 
get by  Its  distance  down  the  track  and  works  with  percentages  of 
the  sum  of  these  target-distance  products  In  the  calculation  of 
the  number  of  suppression  aircraft.  The  proposal  would  replace 
both  these  measures  by  a user  specified  utility  for  each  target  or 
type  of  target.  The  required  suppression  assets  could  then  be 
calculated  using  the  sum  of  the  target  utilities. 
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b.  Critique.  The  concept  of  utility  Is  well  understood  In 
principal,  but  consistently  hard  to  apply  In  practice.  There  Is 
reluctance  to  do  much  more  than  partition  entitles  Into  those 
which  have  priority  and  those  which  do  not  have  priority. 

4-7.  INTERACTIVE  GRAPHICS,  a.  Proposal . Both  the  logical 
structure  and  projected  mode  of  usage  of  the  model  are  compatible 
with  operation  of  the  model  from  a graphics  terminal.  It  Is  pro- 
posed therefore,  In  the  long  term,  that  the  model  be  adapted  for 
use  with  an  Interactive  graphics  terminal. 

b.  Critique.  Such  an  Interactive  capability  would  substan- 
tially expedite  the  assessment  process  by  putting  the  user  In  more 
direct  contact  with  the  assessment  process.  The  user  would  be 
able  to  choose  any  aspect  of  the  assessment  process,  which  the 
Immediately  prior  results  suggest  as  being  the  most  fruitful  ave- 
nue for  further  Investigation.  To  Implement  this  capability  It 
would  be  necessary  to  develop  an  Interface  package  which  would 
pass  commands  for  model  outputs  from  the  terminal  to  the  model  and 
route  graphics  commands  corresponding  to  the  model  outputs  to  the 
terminal  for  display.  The  reproduction  facility  associated  with 
the  terminal  could  be  used  to  provide  hard  copy  documentation  of 
terminal  displays,  as  desired. 

4-8.  COUNTERAIR  ASSESSMENT,  a.  Proposal . The  present  model 
excludes  consideration  of  the  contribution  of  counterair  to  the 
regional  air  defense.  In  the  present  calculation,  air  defense 
suppression  aircraft  proceed  against  the  HIMAD  units  without  expe- 
riencing any  opposition  from  counterair.  It  Is  proposed  to  Intro- 
duce an  analytical  representation  of  counterair  as  an  attrition 
factor  against  suppression  aircraft. 

b.  Crltloue.  The  Inclusion  of  counterair  will  Introduce  con- 
si  deratTonofljround  controlled  Intercept  and  air  engagement  tac- 
tics Into  the  development  of  the  model  Inputs.  This  could  be  a 
substantial  conceptual  undertaking  and  may  or  may  not  be  reducible 
to  relatively  simple  computational  procedures.  Work  has  been  done 
by  Project  Successor  (Redstone  Arsenal,  Huntsville,  AL)  on  a 
stand-alone  model  for  assessment  of  counterair  attrition,  but  no 
evaluation  of  Its  contribution  In  the  context  of  this  proposal  has 
been  made. 

4-9.  SHORAD  ASSESSMENT,  a.  Proposal . The  present  model  does 
not  consider  the  contribution  of  sHORAD.  It  Is  proposed  to  Intro- 
duce an  analytical  representation  of  SHORAD  as  an  attrition  factor 
against  the  suppression  aircraft. 
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b.  Critique*  The  Inclusion  of  SHORAD,  as  It  functionally 
coaipl ements  the  HIMAD,  Is  a logical  extension  of  the  air  defense 
assessment  capability  provided  by  the  model.  A deterministic  for- 
mulation of  the  pity,  could  be  derived  from  the  results  of  exist- 
ing COMO  simulations. 
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APPENDIX  A 

PROGRAM  CODE  LISTING 


PROGPAM  RT ?4/74  OPT*l 


FTW  4. 6*420 


03/31/77  13.30.47 


PROGRAM  RTAMK2  ( INPUT. OUTPUT ) 


BLOCK  000  > DECLARE  VARIABLES 


INTEGER  AOICPI60) 

OImENSTON  ADJPTL(60) 

DIMENSION  ADPT(60#2) 

DIMENSION  AOPR (?) 

INTEGER  AO AO A (60 ) 

INTEGER  ADWKOI60) 

dimension  alhr(ioo«so> 

DIMENSION  AZI  (60) 

DIMENSION  AZO  (60) 

DIMENSION  ABCTAN  (60) 

DIMENSION  ASIT ( 100  *50) 

INTEGER  BPxl (20) .0PYI (20) .BP*2(20) •BPY?(20) 
integer  bktrk(40) 

INTEGER  CliMMSL  (60) 

INTEGER  DOPT (7) 

INTEGER  ICPAD(60) 

DIMENSION  ICPDST (60) 

DIMENSION  RHP  (100.50) 

DIMENSION  ISITE ( 100*50) 

PEAL  KEY (2*50) 

DIMENSION  MIXACO) 

DIMENSION  NLMR(60) 

REAL  NUM0 (10) 

DIMENSION  PPETYP ( 3) 

DIMENSION  PTL (60) 

DIMENSION  PTLCMG(60) 

DIMENSION  PNG (60) 

Integer  rngto.a) 

INTEGER  SGAO(AO) 

INTEGER  SGLHR(40) 

DIMENSION  SGPT(40.2) 

DIMENSION  SGSUM(AO) 

DIMENSION  SLOPE  (40) 

INTEGER  SYMSEL (6t4 j 
INTEGER  TGARA (60) 

INTEGER  TGTVP (60) 

01 MENS I ON  TGPT (?0*2) 

DIMENSION  TGNR (40) 

01  MENS I ON  TGTY<40) 

INTEGER  TPTG(40) 

DIMENSION  TYPTGT  (12,2) 

OI“ENSION  TYPARA (4) 

0 1 MENS I ON  TYPAOI?) 

INTEGEP  TMPLT (20*20) 
integer  vrtseg(40) 
integer  wpnr (?) 

DIMENSION  WPPR ( 2 ) 


03/31/??  13.30.47 


?4/?4  OPT*  l 


DIMENSION  TICP  (40) 
DIMENSION  XI (60) 
DIMENSION  Y! (60) 
INTEGER  XSCL (6) 


INTEGER  XOT ♦ YOT .ENDSET . tMPLTV • SECTLO. SECTHI . XO. YQ. 

PTL0.P0.PPESEL.TTL4C.XL0.YL0.VMI 


0*T4  NUMB  /1H0.1MI.1M2,1M3.|H4.|MS.IM*.1H7,1M».1M9/ 
DATA  BLANK  /IM  / 

DATA  DOLLAR  /lHt/ 

DATA  PIUS  /!*♦/ 

Data  w'OInt  /ih*/ 

DATA  TYPAD  /1MA.1H0/ 


CALL  DATE(ADATE) 

NS I TE  S*NTPTS*NSGMTS*NTGTS*N0PTS*NAPNR*NI CP*N0ST«NMSL« I?L AG«0 


C NTINOE 


00  40  1*1 .60 
ADlCPtl ) *0 
ADwKD ( I ) *0 
C NTINUE 


DO  60  1*1.20 

VPTSEG ( I ) *0 
C NTINUE 


C BLOCK  100  - Pf  AD-IN  MODEL  CONTROL  DATA 


PEAO-IM  TGT  TYPES. 

READ  100.  ( (TYPTGK  l,  J).J«1.2»  .1*1.12) 

FORMAT  (9X.)2(3X.2Al.lX)) 

READ- IK1  AREA  TYPES. 

READ  105. (TVPARA(l) .1*1.4) 

FORMAT  <6X.4(4X.A1 ) ) 

Pf AD-IN  PROFILE  TYPES  AND  Ol)ANTl?EO  INTERCEPT  RANGE  OATA. 

DO  120  1*1.3 

READ  110.PRFTYP(1>.IRNGT(1*J)*J*1*3) 

FORMAT  (12X.A3.3C3X.I2)> 

C NTIMJC 

READ-IN  ALPHA  TO  NUMERIC  CONVERSION  TABLE  USEO  UlTM  ALMP-OUTPUT. 
REA0130.((KEY(I.J).I*lf?).J*I.l?) 

FORMAT  (5X.17IA1.A2.1XI I 
READ- IN  AO  INTERCEPT  SECTOR  TEMPLATE. 

DO  140  1*1.20 
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READ  135*  (TMPLT ( I , J) » J*1 ,20) 

FORMAT  (17**2012) 

C'NTtMiC 

PEAD-IN  POINTS  DEFINING  DIVISION.  CORPS*  AMO  REAR  AREA  BOUNDARIES 
DO  155  I«1 *30 

PF AO  150.ENDSET*  RPX1 (I) .BPTl (I) ,BPX2(I)  »0PY2(I) 

FORMAL  (2* • 12.4(7*. 13) ) 

IF  (ENDSET.E0.99)  GO  TO  160 

NRPTS*MBPTS»1 
C NTINI'E 

BLOCK  160  - RE AD- IN  USER  DATA 

)*********M****************4*********Mt*t**«t**tM*«*t(ctvMttMa(c 

reao-in  analysis  parameters. 

READ  163.PRFSEL.TTLAC. (MIXAC ( I ) *1*1 *3) 

FORMAT  (19* .12.4(9*. 13)) 

DO  165  1*1*2 

READ  164*MPNR(l) .MPPR(t) *AOPR(li 
FORMAT  (19X»I1*2(9X.F5.3) ) 

C NTfMUE 

READ-IN  madscale  DATA. 

READ  166.XL0.YL0 
FORMAT  (3X.2(6X*I3) ) 

ESTABLISH  Y-SCALE  VALUES  FOR  MAP  DISPLAYS. 

DO  167  1*1,6 

XSrL(I)*XLO/100*(l-l) 

C NT  INI  IE 

COMPUTF  UPPER  VALUE  FOP  Y -SCALE* 

YM  *YLO*250 

REAO-IN  OPTIONAL  OISPLAYS  REOUIREO. 

RF«D  170. (DOPT(|). 1*1.7) 

FORMAT  ( 7 ( 9X  .ID) 

PEAO-TN  Srl  ECTION  Of  SYMBOL  INFORMATION  TO  APPEAR  IN  MAP  DISPLAYS. 
0O  173  1*1,6 

RFaD  172,  (SYMSE^.  (t,J).J*l«4) 

FORMAT  ( 6 ( 9X • 1 1 ) ) 

CONTINUE 

READ- IN  INDIVIDUAL  AD  SITE  DATA. 

00  160  1*1.100 

READ  175.  ENOSET.  (ADPT(I.J) .J*l«2) .AOARA(t) • 

PTL(I) *NLMR(I) 

FORMAT  (2X.I2«7XfFS.l*5X.F5.1.10X«tl «§X,F5* 1 ,6X, 1 1 ) 

IF  (ENOSET. EO. 99)  GO  TO  IBS 

N5TTES*NSlTES*l 
C NTINtlE 

REAO-IN  INOIVIOUAL  TGT  DATA. 

DO  195  1*1.100 

READ  190.  ENOSET,  (TGPTlI.J) .J*l,2) .TGTVP(I) .TGARA(I) 

FORMAT  (2X*I2«7X.F5.1,Sk *FS. 1 .6X.I?«6X.tl) 

IF  (ENDSET.E0.99)  GO  TO  200 

NTr*TS*NTGTS*  1 
C NTTN')E 

REAO-IN  POINTS  VMICH  OlVlOE  TRACK  INTO  LINE  SEGMENTS. 


M 
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h 


220 


C • 

C 

C • 

C 

425 

C 

430 

C 

C 


BLOCK  425  - LOAD  MAPS*  SECTOR  COVERAGE 


235 


LOAD  AO  SITES  ONE -BY -ONE. 

DO  462  I»1 .NSITES 

ESTABI  tSM  INDEX  FOR  TEMPLATE  TRANSFER  RANGE. 

PQxRNGT ( PRFSEL • AOARA I l) » /5 

OOANT17E  AD  SITE  COORDINATES  INTO  5KM  CELL  COORDINATES  TOR  USE 
IN  ILNR-ARRAY. 

XQ«  (A0PT(t*l)-XL0>/5  *1 

YQ* ( YMI-AOPT I I .2)) /5* 1 

COMPUTE  COORDINATES  OF  REFERENCE  POINT  IN  ILHP-ARRAT  . 

AS  ORIGIN  FOR  TRANSFER  OF  SITE  INTERCEPT  SECTOR  FROM  TEMPLATE  TO 
ARRAY. 

XOTaXQ-BO 

YQT*YQ-BQ 

QUANTISE  PTL  OF  AO  SITE  INTO  22.5  OEG  INTERVALS  FOR  USE  WITH 
INTERCEPT  SECTOR  TEMPLATE. 

AQPTL*PTLIli 
PTlQ*ADPTL  /22.5*1 

IDENTIFY  InDICIES  OF  SECTORS  TO  BE  READ  F»OM  TEMPLATE  BASED  ON 
AZIMUTH  OF  QUANTIZED  PTL. 

SFCTLO-PTLQ 

SECTMI«PTLQ*3 

ESTABLISH  | IMITS  FOR  TEMPLATE  SCAN. 

Nl*ll-RO 
N?*RQ* 10 

TRANS  ER  SITE  INTERCEPT  SECTOR  FROM  TEMPLATE  TO  ILMR-ABRAY 
AND  I SITE-ARRAY. 


I 


DO  461  J*N1.N2 
YJT*YQT*J-1 
IFIYJT.LT. 1 
DO  46(1  K*N1  *N2 
XKT*XOT*K-l 
IF(XKT.LT.l 


.OR.VJT.GT.50  ) 


GO  TO  441 


•OR.XKT.GT.lOO) 


460 

461 

462 


GO  TO  460 

IF  (PTL0.G€,14.AN0.TMPLT(J.K>.LE.3»  GO  TO  450 

IF  (TMPLTU.K!  .GE.SECTLO.ANO.TMPLT ( J.K)  .LE.SECTHl  1 

GO  TO  440 
GO  TO  460 

IF  (TMPLTIJ.KI .EO.O  ) GO  TO  460 

TMPL TV-TMPLT IJ . K ) ♦ 1 6 

IF  ITMPLTV  .GE.SECTLO.AND.TMPLTV  .LE.SECTMI) 

GO  TO  440 
GO  TO  460 

ILWB ( XKT.VJT) *ILHR ( XKT • Y JT» *NLMR ( 1 1 
ISTTE(XKT.YJT)*1SITE(XKT.YJT>.1 
NT  INI  lE 
NT  INI  IE 
NTINUE 

GO  TO  475 


BLOCK  465  - LOAD  MAPS*  INTERCEPT  COUNTS 
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CAIL  wiPSTM  (SYMSEL.MAPNR.NSITES.NTGTS.NflPTS.NTPTS. 
NilM8.OOLLAR.POlNT.BLANK.TGTY.XLO.VHI.ALHR.ASIT. 
ADPT . T YPAO  . SGPT .TGPT • T VPTGT • ADtfKO • TGTYP . 

RPX1 .0PY1 .0PX2.0PV2) 


BLOCK  600  - PRINT-OUT  MAPS 


IF  (MAPNR.E0.4.0R.MAPHR.F0.6I  GO  TO  055 

PPINT  OUT  t SIT-ARRAY. 

PRINT  610.MAPNR.  AOATE.PRFTYPIPRFSELI 
FORMAT  ( 1H1 . 1 OX . *MOCA-SMS* .43X • *PTA-« .11. 

• OUTPUT*»40X.A10/62X.*PRFSEL»*.A3//) 

PRTNT  630. (XSCL(I) .1*1.6) 

FORMAT  (13X.5(I2.10X) .I2/14X. 

5 ( *0  123456789  • ) .*0*/l4X.50 (*05*) .*0*1 
00  650  J*l,50 

NR=YHl-5*(J-l) 

PRINT  640. (ASIT(1.J).I=1.100).NR 
FORMAT  (14X.100A1.I3) 

C MTlNUE 

PPINT  685.YL0 

GO  TO  400 

PRINT  OUT  ALMR  ARRAY. 

PRINT  660.MAPNR.  AOATE.PRFTYP (PRFSEL ) 

FOPMAT  (lWl .10X.*MOCA-SMS*.43X.*RTA-*.I1. 

• OUTPUT*. 40X.Al0/62X.*PRFSEl  *•  ' //) 

PRINT  670 . ( XSCL (I).I*i»6) 

FORMAT  (13X.5U2.10X)  »I2. 

7x.*LTR*.2X»* VALUE*/ 14X* 

5 ( *0  123456789  •) .*0*/l4X*50 (*05*> .*0*> 
DO  690  J«1 .50 

NRsYHf-5*( J-l ) 

PPINT  680.  (ALHRd  .J)  ,1«1 .100)  .NR.  (KEY!  I.  J)  .1*1  .2) 

FORMAT  (14X.100A1.I3.5X.A1.5X.A2) 

C NTInoE 

POINT  605. YLO 
FORMAT  (114X.I3) 

IF  (MAPNP.LT. 6)  GO  TO  400 


POINT-OUT  TRACK  INTERCEPT  SUMMARY 


PRINT  TOO.ADATE.PRFTYP(PRFSEL) 

FORMAT! iM1.10X.*MOCA-SMS*.43X.*RTA-7  OUTPUT*  .40X.A10/ 
62X«*PPFSEL«*.A3//) 

PPIN1  710 

FORMAT  (lX.*NR*f 1X.*TGNR*.1X.*TGTY*.2X. 

•SGMT*.3X.*AO*.5X.*M*.5X.*YO*.5X.*XS*.5X. 
•YS*.6X,*R*.5X.  *XI*.5X.*YI*.5X.*PTL*.3X. 
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1 


5 


10 


15 


?0 


25 


30 


35 


40 


45 


50 


C 


c 


c 


100 

120 

C 

c 

150 

160 

162 


165 

169 

C 

170 

171 


172 

175 

C 

179 

IPO 

IPS 


190 

195 


A 

8 

C 

0 


A 

A 

B 

C 


SUP»0  TINE  OSYOPT  (ADATE.PRFTYP.RNGT.TMPLT.TQPT ,BKTRK.TGNR, 
TYPTGT .T YPARA .PRFSEL • ADPT  « AOARA . 
PTL»NLMR.  ILHR,NSITES.NTGTS.Nf)PTS»T6TY« 
TGTYP.TGAPA.OOPT.SVNSEl.SGPT.NTPTS. 
BPKl.BPYl.BPA2.ePY2) 


DIMENSION  PRFTYPO)  ,TGPT(20.2J  . TYPTGT  1 12.?)  ,TYPABA(4)  . 

AOPT (60.2)  ,PTL(60)  .SGPTI40.2)  .TGNRC40)  .TGTY(AO) 
IMTEGFo  RNGT 1 3.4)  ,TMPLT  (20.20)  .NLHR (60 ) • 

lLNR( 100.50) .TGTYP«60) . TGARA (60 ) .T.A.OOPT(T) . 
SYMSEL (6.4) .AOARA (60) .BKTRK 140) . 

BPXl (20) *BPYl (20) .BPX2 (20) .BPY2 (20) 

IOENTIFV  0 TIONAL  DISPLAYS  TO  BE  PPINTED-OUT. 

DP  120  IG0*1 .7 

If  (DOPT(IGO) .NC.l)  GO  TO  100 

GO  TO  ( ISO. 170. 179 .300 .400 .500 .600)  IGO 

C NTlNtlE 
C mTImiE 
PFTURN 


A 


A 


PRINT-OUT  QUANTIZED  INTERCEPT  RANGE  OATA. 

PRINT  160 .ADA TE 

FORMAT(1H1,10X.*MOCA-SMS#.43K.*PTA-0  OUTPUT*  .40X.A10//) 
PPTNT  162 

FORMAT  (4(/)  »44X  ,*PRFTYP*»9X  »*0*<'9X»*C*.9X»*P**2f /) ) 

00  169  1*1.3 

POINT  165.PRFTYP(I) .(RNGT(I.J) »J*1.3) 

FORMAT  (45X.A3.2X.3(8X.I2)//» 

CONTINUE 


GO  TO  100 

PRINT-OUT  INTERCEPT  SECTOR  TEMPLATE. 

PRINT  171 .AO ATE 

FORMAT (1M1.10X.*MOCA-SMS**43X.*RTA-C  OUT°UT*  .40X.A10. 
101/1) 

DO  175  1*1.20 

PRINT  172,  (TMPLT(I.J) .J*1.20) 

FORMAT  (40X. 20(12. IX)) 


C »TTNUE 


GO  TO  100 


POINT-OUT  TGT  OATA. 

PRINT  10O.ADATE 

FORMAT(1M1.10X.*MOCA-SMS*.43X.*RTA-B  OUTPUT*  .40X.A10//) 
PP I NT  185 

FORMAT  (50X«*NR*.6X.*X*.6X ••Y*.5X.*TYPE*.2X.*APEA*.2 (/) ) 
DO  19P  1*1 .NTGTS 
T * TGT YP ( I ) 

AsTGARA ( I ) 

PRINT  1 90 , I . ( TGPT 1 1 . J) . J*l .2) . ( TYPTGT (T.J).J*1.2) . 
TYPARA(A) 

FORMAT  (49X.*TG*«  I?.2x.2(2x.F5.1) .4X.2A1.4X.A1) 


C -.TINUE 


GO  TO  100 
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C PRINT-OUT  »G  SITE  ORTA. 

300  PPTNT  310. AGATE 

310  FOPNAT  flH1.10X.*NOCA-SNS*»43X»*RTA-A  OUTPUT*  .40X. 

A A10//I 

PPtNT  315 

315  FOPNAT  t50X«  *NP*.7X.*X*.6X.*Y*.5X.*ARCA*. 

A 2X»*PTL*.2X.*NLMP*//) 

00  330  UUNSITES 

AsADAPA ( I ) 

PRINT  320.1 • (ADPT ( | . J) » J*1 .2) . 

A TYPARAIAI  .PTL(I)  .NLMRin 

320  FOPNAT  <49X.*A0«.!2.2X.2<?X.F5.1)  .4X.  Al.3X.F5.U3X. 

A 11) 

330  C f.TlNUE 

GO  TO  100 

C PRINT-OUT  TRACK  SEGNENT  POINTS. 

400  POINT  420 .AGATE 

420  FOPNAT  ( lHl * 10X.*NOCA-5N5**43X.*RTA-C  OUTPUT*. 

A 40X.A10.4I/)) 

PPTNT  440 

440  FOPNAT  l45X.*NP*.7X.*X*t9X.*Y*.9X.*«KTRK*. 

A 6X.*TGNR*,TX.*TGTY*.2(/)) 

00  4B0  Ul.NtPTS 

PPTNT  440 . 1 . f SGPT ( I . J) .J*I .2) .BKTRK ( I ) .TGNRf I ) .TGTY f I ) 
460  FOPNAT  (42X.*TP*.1X.I2.2(5X.F5,1) .9X. 1 1 .2 (9X.A2) ) 

440  C MTlNlC 

GO  TO  10« 

C PRINT-OUT  MAP  SYN0OL  SELECTION. 

500  PRINT  510 .AGATE 

510  FOPNAT  I1M1.10X.*NOCA-SNS*.43X.*RTA-G  OUTPUT*. 

A 40X.A10.4f/)) 

PRINT  520 

520  FOPNAT  ( 44X . *NAPNP* » 1 6X * *OAT A SET*//54X.*UNITS*.4X. 

A *TGTS*.4X.*B0YLN5*.3X.*TPKPTS*//) 

on  55 n Ul.6 

PRINT  540.1  • fSYNSCL (I.J).U*U4) 

540  FOPNAT  l 46X .Il.lX.4f8X.il) //) 

550  C NTlNliE 

7 Fl  AG*0 

GO  TO  100 

C PRINT -OUT  aREA  BOuNOAPy  LINES. 

600  PPTmT  620. AGATE 

620  FORMAT  f 1M1.10X.*NOCA-SNS*.43X.*RTA-F  OUTPUT*. 

A 40X.A10.4f/) ) 

PRUT  640 

640  FORMAT  (4SX.*NR*.7X.*Xl*.9X.*Yl*.aX.*X2*.aX.*Y2*.2(/) ) 

00  460  I*1.N8PTS 

PRINT  650.  I.BPXlfli.BPYi  (D.BPX2fI).BPV2fI) 

650  FORMAT  f 42X «*BS* . 1 X . 12.4 f 7X. 1 3) ) 

660  COFT1NUF  ‘ 

GO  TO  100 

CNO 
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S"PRO'  TINE  TRKICP  iqKTRK.NSITCS.VRTSE6.A0PT.SL0PC.TlCP. 
RNG.AZI .ARCTAN.ADlCP.Xl.Yl .NSOMTS. 

PNGT • PRF SEL • AOAR A • S6PT ) 


IMTCGFc  BKTRK ( 40 ) ,VRTSEG(4Q) .AOICP(60> . 

RNGT (3,4) .PRFSEL .AOARA (60) 

DIMENSION  AOPT (60.?)  .SLOPE  (40)  .TICP(40)  «RNG(60)  .471  (60)  • 
ARCTAN(60) .XI (60) *YI (60) .SGPT (40.2) 

EXAMINE  EACH  TRACK  SEGMENT  IN  TURN  FOP  INTERCEPTS. 

D«  200  I-l.NSGMTS 

SET  SEGMENT  INTERCEPT  FLAG  TO  ZERO. 

TEST  IF  SEGMENT  POINTS  DECLARED  AS  UNAVAILABLE  FOR  INTERCEPT 
ANALYSIS. 

IF  (0KTRK(l*lt.CQ.l)  GO  TO  2B0 

FOP  AVAILA  LE  POINTS.  ESTABLISH  FOR  BOTH  X ANO  Y WHICH  VALUES 
ARE  HIGHER  (XH.  VH)  ANO  WHICH  VALUES  ARE  LONER  (XL.  YD. 

X*sGPT (1,1) 

Y*SGPT(1.Z> 

XPsSOPT (1*1.1) 

YPxSGPTl 1*1.2) 

IF  (X-XP)  205.207.210 

XHbRP 

XL*X 

GO  TO  215 

SET  FUG  TO  INDICATE  TRACK  SEGMENT  IS  VERTICAL. 

VPTSEG(I>*1 

XH«X 

XL*XP 

IF  (Y-YP)  220.225.225 

YHbYP 

YL*Y 

GO  TO  226 

VM«Y 
Yl  *YP 

IF  (VRTSCG(I).EO.l)  GO  TO  250 

COMPUTF  SLOPE  ANO  V-INTCRCCPT  Of  TRACK  LINE  SEGMENTS. 

SLOPE ( I I b ( YP-Y ) / ( XP-R) 

YI(“P(  I ) bY-SLOPE  ( I ) #X 
C NTINIIC 

TFST  AD  SITES  TO  FINO  THOSE  WHICH  INTERSECT  LINE  SEGMENT,  CXCLUOC 
SITES  4HICM  HAVE  BEEN  ALREADY  BEEN 
FOUNO  TO  INTERSECT  EARLIER  SEGMENTS. 

00  270  J«1 .NSITES 

IF  (ADICP(J).NC.O)  GO  TO  270 

RCbADPTIJ.I) 

YSbADPT(J.2) 

ESTABLISH  INTERCEPT  RANGE  FOR  SITE. 

IF  (VRTSEG(I).EO.l)  GO  TO  255 

RNG ( J I «RNG  T ( PRFSEL .AOARA ( J) ) 

COMPUTE  COFFF ICIENTS  OF  OUAORATIC  EQUATION  WHOSE  SOLUTIONS  APE 
INTERSFCTIONS  BETWEEN  LINE  SEGMENT  ANO  CIRCLE  OF  AO  INTERCEPT 
POUNOAOY.  FOP  VERTICAL  SEGMENTS  (SLOPE  INFINITE).  TRANSFER  TO 


A-11 


CAA-TP-77-5 


SUBROUTINE  TPM  CP 


PTH  4.6*420 


03/31/77  13.30.47 


SPECIAL  CAI  CULATION. 

*■1 ♦SLOPE ( II ••Z 

B*  2* (XS-SLOPf IJI*lYlCPl!) ~YSI  I 
C*<S««2*(YICP<II-YSI**2-BWG(JI*®2 
EVALUATE  COEFFICIENTS  TO  DETERMINE  IP  SOLUTION  IS  PEAL  IIHTCPSCCT 
FUSTS)  OP  IMAGINARY  (NO  INTERSECTIONS). 

IP  (4»A«C.GT.B*«2l  00  TO  270 

POP  PFAL  SOLUTION.  COHPUTF  INTERSECTION  POINTS. 

Of  *S0PT (B»«2”4*A*C) 

XI1«I  B*0E) / (2#AI 
XIR»(  B-OE ) / (2*A) 

PINO  INTERSECTION  NEAREST  PIRST  POINT  Of  SEGMENT  (FIRST  INTERCEPT 
OPPORT  <NUTt. 

XliD«Xll-X 

XI7D-XI2-X 

IP  ( ABS ( X 1 1 0 ) .GT . ABS ( X 1 20 1 ) 00  TO  292 

XI (J)»X!1 

GO  TO  293 

XT(J)«XI2 

Yl(J)*SLOPE(I)«XHJI*YlCP(n 

GO  TO  290 

conputf  intersection  points  for  special  case  of  a vertical  track 

SEGMENT . 

IP  <RNGU)«*2.1T.(XS-XI<**2)  GO  TO  270 

SI  OPE  < 1 1 *YlCP ( 1 1 ■A*B*C*999.9 
XI (J)*X 

Dy*S0RTCRNG(J)»«2-(XS-X)««2> 

If  (v-YS)  296.297.257 

Y|  U)*YS-OY 
A7T  < J) • 100.0 
APCTANI J) »-90.0 

GO  TO  290 

Y I ( J) *YS*OY 
A7T ( J) *0.0 
APCTAN(J)*  90.0 

TEST  m F«  ABLISM  IP  INTERSECTION  LIES  BETWEEN  SEGMENT  ENO  POINTS 
0»  ON  PORTION  OP  LINE  WHICH  EXTpNOS  BEYONO  ENO  POINTS. 

IP  (XI (J) .GE.XL.ANO.Xl ( J) .LE.XH)  GO  TO  259 

GO  TO  270 

IP  (Yl(J).GC.YL.ANO.rKJ).LE.YH)  260,270 

SFT  MPICATOR  TO  RECORO  THAT  OPPORTUNITY  FOR  INTERCEPT  BY  SITE  J 
ON  SEOMfNT  I. 

APTCP( J) *1 
C NTINUE 
C *'TINUE 

RP  W9»‘ 

E*T> 


V- 


CAA-TP-77-5 


subroutine  tstptl  74/74,  opt*i 


FTN  4.6*420 


03/31/77  13.30.47 


SUPRO-  TINE  7STPTL  (AZI»PTL,AZO,PTLCHG.AOjPTL»NLHR, 

ADWKD,  ADICP.ARCTAN.NSI TES, AOPT *01*71) 

iMTECro  40 WK 0(60) ,AOICP(60> 

DIMENSION  AZl  (60)  »PTL  (60)  *AZO(60)  ,PTLCHG(60f  .AOjPTL  (60)  • 
NLH* (60) , ARCTAN (60) , 

AOPT  (60.2)  *Xf  (60)  «YK60I 

examine  each  sire  in  turn  tor  an  interccpz  opportunity. 

DO  270  J*1.NSITES 

IF  (AOICPUI.EO.O)  00  TO  270 

COMPUTE  AZIMUTH  OF  LINE  CONNECTING  AD  SITE  WITH  POINT  OF 
INTERSECTION. 

YP*YI(J)-AOPT(J.2) 

*0* A 1 I Jl-ADPT ( J*I ) 

ARCTAN(J)*ATAN2(Y0,XD)«S7.296 

IF  (APCTANU)-RO.O)  100.100,120 

ATI ( J) *40 • 0-APCTAN ( J) 

GO  TO  130 

A7T (J>060.0-(ARCTAN( JJ-90.0) 

COMPUTF  DIFFERENCE  BETWEEN  AD  SITE  PTL  ANO  INTERCEPT  AZIMUTH. 
AOJUST  PTL  AND  NR  LAUNCHERS  BASED  ON  difference. 

AZO ( J) *A7I ( J) -PTL ( J) 

IF  ( ABS ( AZO ( J) ). GT. 13S.1. ANO. ASS (AZO(J)i.LT. 224.9) 

GO  TO  266 

IF  (ABS(A70(J)) .LE.I3S.il  GO  TO  170 


IF  (AZO(J)) 

• 7TCJI*  <360.0*AZO<J>) 


A7n ( J) »• ( 360.0-AZD ( J) ) 
IF  (ASS ( AZO (J) ) .LE.45.1 
IF  (AZD(JI) 

PTl  CHG(v))*AZD(J)*45.0 
PTI  CHG(  J)  *0.0 


140,150.160 


GO  TO  170 
GO  TO  170 


GO  TO  262 
261,262,263 


GO  TO  264 

PTl  CHG  ( J)  *AZD  ( J)  -45.0 
AOjPTL  ( J)  *PTL  ( J)  *PTLCHG  ( J) 

IF  (AOJPTL(J) .LT.0.0)  ADJPTL(J)*360.0*ADJPTL(J) 

0"  26S  K*i ,5 

IF  ( ABS(PTLCHG( J) /22.S) .LE. (5. 1HC) ) NLHR(J)«K 
C VTIM)E 

set  Indicator  to  record  that  site  has  workeo  the  opportunity 

IDENTIFIED  AND  ITS  ASSETS  ARE  NO  LONGER  AVAILABLE. 
AO*KO(J)*AOICP(J) 

GO  TO  270 

RESET  CITF  INTERSECTION  OPPORTUNITY  FLAG  TO  ZERO. 

AOICP (J)*0 
C nTIniiE 


CAA-TP-77 


subroutine 

1 

5 

10 

15 

20 


A-14 


5 


ICPCNT  7*/T4  OPT*l 


f TH  4.1*420  01/11/n  13.30.4T 


C 

C 


c 


110 

c 

c 


120 


SI***  TINE  ICPCMT  <AOWO.SGAO.SGCMN*NSGNTS.NSITES.NLMB> 

piTEGfo  ADWD<G0i.SGA©C4#!.SGLH*IMI 
DIMENSION  NLMBC60) 
f Nir TIA(  izr.  ARRAYS. 

DO  110  !■! *40 
SGaD(!)*0 
SO*  HR  ill  *0 
CONTI*  C 

COMPUTE  NUMBER  Of  SITES  INTERCEPTING  ON  EACH  SEGMENT  AND 
CORRESPONDING  NUMBER  Of  LAUNCHERS. 

0^  120  1*1 *MSGMTS 
On  |?(»  Jal.NSITES 

rr  caowoui.ne.ii  go  to  i?o 

SGAOl!iaSGAO(I)*l 

SGI  hrii»*sglhrcii*nlhpcji 
C hTINUE 
RF  TURN 
ENO 


I 


i 

I 


CAA-TP-77-5 


' 


SUBROUTINE  MAPSV* 


74/74  OPT* l 


FTN  4.6*420 


03/31/77  13.30.67 


100 

120 


c 

200 


?10 

220 


240 

250 


SURRO’  TINE  MAPSYM  !SYMSEL.*«APNR.NSITES.NTGTS*N0PrS»NTPTS. 
* NilMB.OOLLAR.  POINT •BLANR.TGTV.XLO.YHI  .ALHR. ASIT. 

B AOPT . T YP AO . SGPT . TGPT .TYPT67 .ADMKO.TGTYP • 

C qpXl.BPYl.BPX2.BPY2) 

DIMENSION  AL4M100.50I  .ASIT 1 100.50)  »TGTY (40)  • 

6 A0PTI60.2) .SGPT (40.2) .TGPTI20.2) .TYPTGT 1 12.?) , 

B TYPAD (2) 

INTEGF3  ADWBOI60) .5YMSELI6.4) .TGTYP(60). 

2 BPXl 120) .0PV1 120) .BPX2120) .BPY2120) 

REM  NUMB  (10) 

iNJTEGfo  XQ.YQ.OX.DY .DXQ.DYO.XLO.YHI 
OATA  0*TN  /IH7/.  PLUS  /IH*/ 

IDENTIFY  MtP  SYMBOLS  TO  BE  INSERTED  IN  OISPLAV. 

DO  120  IG0*1 .4 

IF  1 SYMSEL 1 MAPNR • I GO ) .NE.I)  GO  TO  100 

GO  TO  (200.300.400.500)  1GO 
C MTIP'C 
C NTlMlC 
RFTURN 

INSERT  AO  M TE  SYMBOLOGY. 

00  280  1*1 .NSITES 

Ir  (MAPNR.LE.6)  220.210 

IF  (AOWKOl I) .60.0)  GO  TO  280 

XQ«(ADPT(I.1)-XL0)/5*1 
YQ=(YMI-A0PT(1.21)/5*1 

CLEAR  WINDOW  IN  COVERAGE  ARRAYS  POP  SITE  LABELS. 

IF  1 MAPNR .EQ.3.0B .MAPNR .E0.4)  230.250 

XC  *X0-4 
YO  *YO-2 
Or  240  J*1.T 
Dr  240  K*t . 3 

Al  MR( (XOP.J) . (YQR.K) )*BLANK 
Ae I T 1 1 XOR* J) « 1 YQR.K) ) *0LANK 
C »'TlNl;E 

J*I/10*1 

AL -R 1 XO-2 .YQ) *NUMB 1 J) 

ASIT (XO-2. YO)aNUMB(J) 


**I*1-10»(J-1) 

AL  UR 1 XO- 1 . YO ) *NUMB 1 K ) 
ASIT 1X0-1 »Y0) sNUMB(K) 

Al HR(XQ.YO) *POINT 
ASIT(XO.YO) *POlNT 

Al  mR1XO«1  .YO)*TYRAO(l ) 
AST  T 1 XO* 1 . YQ) *TYPA0  1 1 ) 

Al  -R 1 XQ.2. YO) *TYPA0 12) 
A<TT(XQ*2.YO)*TYPAO(2) 


— — 


CAA-TP-77-5 


subroutine  MAPSY** 


*4/74  OPT-1 


FTN  4.6.420 


03/31/TT  13.3f.47 


C 

200 

C 

300 

C 


C NTlNllE  * 60  TO  190 
IN3ERT  TAOr,E?  SYMBOLOGY. 
OO  390  1*1 .MTGTS 


*r>«TGPT(!.p-XL0)/5*l 
70* I THI -TGPT (1.2) 1/5*1 


340 

350 


CtFAR  WINPOK  in  coverage  displays  for  tgt  label. 

!*  (MAPNR.EQ.3.09.MAPNR.F0.4 
XO  -XQ-4 
YO  *V0-2 
DC  340  J*l .7 
DO  340  K«1 .3 

ALHR(*OR*J.YOR‘  ) -blank 
ASTT(XOR*J.VQR*K)  -BLANK 
C MJlNliE 

J-T/104  1 

ALhR(X0-2.YQ)«NUMB(J| 

AS1T(X0-2.YQ>*NUMBU> 


330.350 


K»! ♦ 1 *10* ( J-l ) 

At  MR  1X0-1. VO) -NUMB  IK) 
ASTT(XO-l.YO)»NUM0IK> 


Al  “R(XQ.VO)  -POINT 
A< I T 1X0. VO) -POINT 


A(.mR  ixO*  1 . YO)  -TlfPTOT  ( TGTYP  ( I ) . 1 ) 
AS  T T ( XO* 1 . VQ) -TYPTGT ( TGTYP 1 1 ) • 1 ) 


ALl<RlXO*2.VO)-TYPTGT(TGTVP(I)  .2) 
A< I T f X0*2. VO) -TYPTGT ( TGTYP ( I ) .2) 


C 

340 

C 

400 

c 


C NTlN'iE  % GO  TO  100 
INSERT  BOtJ* iOARY  SEGMENT  SYMBOLOGY. 
OP  400  I-l.NBPTS 


D y -BPX2 ( I ) -BPX 1(1) 
0Y«BPY2(I)-BPY1(I) 


I 


105 


C 

40? 

404 

C 

404 

c 

400 

410 

c 

41? 


IF  I0X)  402.404.404 


XP«BPX2(!)  0 GO  TO  406 
XP-BPXl (I) 


IF  <DY)  400.410.410 


YP-BPY2U)  1 GO  TO  412 
YP*BPY1  II) 


XO* I XP-XLO) /5*  I 
YO*  < YHI — VP ) /5* 1 


r 


IS 


I 


I 


MS 

C 

420 

430 

440 


450 

C 

440 


470 

400 

C 

500 

C 


"WW  vyrret  .pw^WT1  ' 
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SUBROUTINE  MAPSVM 


74/74  0PT*1 


FTN  4.6*420 


03/31/77  13.3t.47 


OxoMABSID/U/SM 

0YO*IABStnt)/5*l 


17  (OXO.EO.l.ANn.OYO.GT. 1)  460*415 

IF  (DXQ.GT . 1 • AND.DYO.EQ. 1 ) 420.430 


Sym0«plu5  S GO  TO  440 
SV*B*0STN 
00  45P  IX«1 .0X0 

ALhR(XQ*IX-1.YO>«SYH0 
AMT(XQ*IX-1.YQ>*SYNB 
C NTI^ilf  f GO  TO  480 


SY«B*PLUS 
OC  470  I Y*1 «0Y0 

AI.hR(X0*Y0-IV*1|*SYMP 
A5TTIX0.Y0-IY*1)*5YMB 
C NTIrjuE 

C *Tl H'tE  % GO  TO  100 
INSERT  TRACK  POINT  SYMROlOGY. 
00  5R0  1*1 .NTPTS 


XO* ( SGPT (1,1) -XL0) /S* 1 
YO* ( YHI—SGPT (1.2)) /5*1 


IF  (5YNSEL (MAPNP.^l . EO . 0 . OR . TGT Y ( I) .E0.2HMT) 


A 

C 

520.540 

520 

Al_  WR  ( XQ  ♦ YQ ) *PO  I NT 

c 

A5!T(XQ,Y0)*P0INT  » GO  TO  580 

540 

A 

IF  (ALHCMXQtYO) .EO. POINT. AN0.ASIT(XQ* 

AL«R(XO.YO)*OSTN 

A5TT(XO.YQ)*OSTN 

YQ) .EQ. POINT) 
GO  TO  580 

580 

C ► TIVItE 
ENP 

GO  TO  100 

SUBROUTINE  *OSE$T  Tu/74  OPt»l 


FT*'  4.6*420  03/31/77  13.30.47 


1 

5 


10 


15 


20 


25 


30 


35 


40 


C ••••••••••••••••••••••••••«•••«•*•••••»•••••••••••••••»•••••»••••••» 

SUORO-  TINE  AOSEST  (MIXAC.SGPT.  A0PR.WPPR.WPNR.TTLAC. ADWKO. 

A TGTY.NSITf S.NSGMTS. ADATE.PRFTYP.PPFSEL.SGA0.8KTRK ) 

c 

DIMENSION  f4 1 XAC (3) .NAD<2.10> .NAC<2.10.4) ,UTLRT<2.l0l •SGSUM(40I . 

A A DPP (2) *VPPR (2) ,PRFTTP(3) .TGTY(40> •SGPT(40«2) 

INTEGFO  AOvKOCGO) .PAOI2.10) .PERAOO) «SGA0(40) «SGMSR<46) • 

A TG*SR(2.40l .WPNPI2) .BKTRKtAO) 

INTEGER  T7I  AC.TGTl#rGDS7LfADTL*PRFSEl 
ADTL*TGTL*TGOSTL*0 
C CLEAR  ARRAYS  70  ZERO. 

00  60  I«1,NSGMTS 
SOMSR ( I ) *0 
00  40  .1*1  *2 

Tr,MSR(J*I)«0 
40  C NTIMME 

60  C NT  INI  If 

C COMPUTF  SFGMENT  MEASURE*  CUMULATIVE  NUMBER  OF  INTERCEPTING 

C SITES  PER  SEGMENT. 

00  140  Ul.NSGMTS 

APTL*A0TL*5GAD ( 1 ) 

SGfSR ( I ) *ADTL 
140  C NTlNllE 

C COMPUTE  LENGTH  OF  EACH  TRACK  SEGMENT  ANO  CUMULATIVE  LENGTH 

c FROM  S’ ART  OF  TRACK  TO  END  OF  SEGMENT. 

SGCUM.o 

DO  160  1*1 .NSGMTS 
SGCUP ( I ) *SGCUM 

SGI  EN**SORT ( (5GPT (1+1*1) -SGPT ( 1 .1 ) ) *#2  ♦ 

A ( SGPT  < I ♦ 1 *2) -SGPT ( 1 .211 4*2) 

IE  (BKTRK(I).EO.l)  SGLEN—SGLEN 

SGrUM*SGCUM»SGLEN 
160  C MTlNOE 

C COMPUTE  TARGET  MEASURES. 

C C I > CUMULATIVE  number  OF  TARGETS  per  segment 

C (?)  CUMULATIVE  TARGE 7 -01 STANCE  PRODUCT  PER  SEGMENT. 

DO  260  I*1.NSGMTS 

IE  (TQTY(I+1) .E0.2HMT)  GO  TO  250 

TGTL*TGTL*l 

TGOSTL  *TG0$TL* 1 *SGSUM ( I ) *0.5 
250  TCMSR ( 1 « I ) *TGTL 

TG»4SR(2,II*TG0STL 
?40  CONTINUE 


C COMPUTF  WHOLE  NUMBER  OF  AOS  ASSETS.  Bf  TYPE.  NEEOEO  PER  SITE. 

45  DO  320  1*1.2 

Pf ®AO( I ) *ALOG( 1 -AOPR (I ) ) / ALOG ( ( 1 -WPPR (11) ••WPNR (1)1+1 
320  C NTlNllE 

C SFT  Type  3 ASSETS  NEEDEO  TO  20. 

PFRAD ( 3) *20 

50  C COMPUTE  NUMBER  ANO  PERCENTAGE  OF  INTERCEPTS  GENERATED  AS  PAIO 

C DEEPENS.  RMO  OEPTH  IS  MEASURED  BY  INCREASING  INCREMENTS 

C OF  TARGET  MEASURES. 

DO  460  1*1.2 


■ 'T*  *r:rr-"'T'  »■  - 


CAA-TP-77-5 


SUBROUTINE  ADSEST 


FTN  4.6*420 


•3/31/77  13.30.47 


00  440  J*1*10 

NTG* J*0 . 1 *TGMSR  ( 1 *NSG**TS » 

00  420  K-l.NSGMTS 

IF ITGMSRI I »K) .LT.NTG)  GO  TO  420 

NADU.JI-SGMSRCKI  • 

PAD ( I • J) * ( 100*SGMSR IK> ) /SGMSR (NSGMTS) *0.5 

GO  TO  440 

C *'TI*"lE 
C wTimiE 
C nTIMIIE 

COMPUTF  TOTAL  NUMBER  OF  AOS  ASSETS  NEEDED  TO  SUPPRESS  SITES 
ASSOCIATED  KITH  GIVEN  PERCENTAGE  INCREMENT  OF  TARGET 
MFASURF.  PFPEAT  FOR  BOTH  TARGET  MEASURES. 

00  540  1*1.2 
00  520  J*1.10 

NAC ( I t J.4) * NAD ( I • Jl * (PERAO ( 1 ) *MIXAC (II* 

• PERAO (21 •MIXAC<2)*PEP4DI3>*MIXACC 3)1/100*0.5 

C NTlF'lE 
C mTINUE 

COMPUTE  NUMBER  OF  AOS  ASSETS*  BY  TYPE.  NEEDED  TO  SUPPRESS  SITES 
ASSOCIATEO  WITH  GIVEN  PERCENTAGE  INCREMENT  OF  TARGET 
MFASUPF.  REPEAT  FOP  BOTH  TARGET  MEASURES.  ALSO  COMPUTE  ADS  ASSETS 
UTILI7FD  FOP  EACH  INCREMENT  FOP  BOTH  MEASURES. 

DO  460  1*1*2 
00  640  J*l*10 

UTI  RT ( I , J) *FLOAT INAC  < I * J*4>> /TTLAC 
DO  620  K*1 *3 

NAC ( I * J»K) * (MIX AC  IK) *NAC ( I • J*4) 1/100*0.5 
C ^'T  INI  IE 
C NTINUE 
C mtinue 

PRINT-OUT  SUPPRESSION  ESTIMATE, 

PRINT  810.ADATE.PRFTTPIPRFSEU 

FORMAT (lHl.l OX. *M0CA-SMS**42X.*RTA-8  OUTPUT* .40X.A10./ 
MX.*PRFSEL-*»A3»3(/> ) 

IPART*1 

PRINT  815* IPART 

FORMAT  <61X.*PART  **11//) 

PRINT  820*  IMPNPdl  *1*1*2)  • (MPPRf  II  .I*l.2»  • 
lADPR(I) .1*1.2) « ( PERAO (I>  *1-1.3) 

FORMAT <57X.*ACl*.4X.*AC2*.4X.*AC3*.2</»  ♦ 

48X  . **PNP* . 1 X .2 ( 6X . 1 1 ) /48X . *WPPP* . 1 X . 2 ( 2X  *F5 . 3 . ) / 
48X ♦ • AOPR* • 1 X *2 ( ?X *F5. 3) //47X  * *PERAD* . 1 X « 

3C5X.I2) *2t/> 1 

DO  880  1*1*2 

IPAPT*IPART*1 

PRINT  840. IPART. I*TGMSR(I. NSGMTSI *IMIXACIL»  *L*1.3) .TTLAC* 
SGM$R(NSGMTS) 

FORMAT (4 ( /)  *6 1 X * *PART  **11// 

?7X.*PCT*»6X.18X*  2X.*NR*.18X.  8X.*AC*.7X.*PCT*/ 

25X.*TGMSP  •*I1* 

7X.*AC1*.9X.*AC2*.9X.*AC3*.8X,*TL*.BX. 
**UP*  *RX » *A0*/24X  »*  IN**  • I4**l  **4X  . • CPC** • 1 3*  • I •* 
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APPENDIX  B 


0)*AB.02*HQ,03*MM,04*Pl.05*PN,06«LP.07*A6t0B*A5.09*SP*10*RS.ll*CR»12*EW 

0 ) *0  1 0?*C  . 03*R  • 04*T 

0)*HHH*0«40.C*40.R*40 

02*LLL*D*?5fC*?5.R*25 
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GLOSSARY 


A5 

155  millimeter  field  artillery  battalion 

A8 

8-1nch  field  artillery  battalion 

AB 

air  base 

AC 

ADS  Aircraft 

AC1 

ADS  Aircraft  Type  1 (ARM) 

AC2 

ADS  Aircraft  Type  2 (Rocket) 

AC3 

ADS  Aircraft  Type  3 (Decoy) 

AD 

Air  Defense  (HIMAD)  Unit 

ADJPTL 

PTL  azimuth  adjusted  for  Intercept 

ADPR 

cumulative  probability  of  killing  HIMAD  unit  using 
specified  weapon  type 

ADS 

Air  Defense  Suppression 

ARCTAN 

angle  between  line  connecting  HIMAD  unit  location  with 
target  Intercept  point  and  positive  X«ax1s 

AZD 

azimuth  difference  angle  between  line  connecting  HIMAD 
unit  with  target  and  PTL  azimuth  of  HIMAD  unit 

AZT 

angle  between  line  connecting  HIMAD  unit  location  with 
target  Intercept  point  and  positive  Y-axis 

BKTRK 

backtrack  (Indicator) 

BS 

boundary  segment  connecting  points  which  delimit  op- 
erational areas 

C 

Corps  (area) 

COMO 

Computer  Model  (model  system  for  simulation  of  air 
defense) 
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CRC 

control  and  reporting  center 

CUMMSL 

cumulative  number  of  missiles  engaging  along  track  up 
to  particular  track  point 

D 

division  (area) 

DST 

distance  (down  raid  track) 

EW 

early  warning/control  and  reporting  center 

HH 

higher  headquarters 

HHH 

flight  profile  high  over  division,  rear  and  corps 
areas 

HIMAD 

hlgh-to-medlum  altitude  air  defense 

HOP 

flight  profile  high  over  division  area  and  low  over 
rear  and  corps  areas 

HQ 

division  headquarters 

ICP 

Intercept(s) 

ICPS 

Intercepts 

km 

kllometer(s) 

ILL 

flight  profile  low  over  division  rear  and  corps  areas 

LP 

LANCE  platoon 

M 

slope  of  raid  track  line  segment 

msl 

mlsslle(s) 

N 

number 

NLHR 

number  of  launchers 

NR 

number 

pet 

percent 

PL 

petrol  1 urn,  oil  and  lubricants  dump 

i 
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dritttti 


% 


! 


PRFSEL 


PTLCH6 
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PERSHING  missile 
profile  selected 
primary  target  line 

angle  through  which  HIMAD  unit  PTL  must  be  moved  to 
permit  Intercept  by  unit 

rear  area;  range  from  HIMAD  unit  location  to  target 
Intercept  point 

unit  In  reserve 


SGMT  track  segment  number  (pair) 

SHORAD  short-range  air  defense 

SP  special  ammunition  supply  point 

TG  target  point 

TGMSR  1 target  measure  type  1 (sum  of  targets) 

TGMSR  2 target  measure  type  2 (sum  of  target-distance) 

TGNR  target  reference  number 

TGTS  targets 

TGTY  target  type 

TL  Total  number  (of  ADS  aircraft) 

TP  track  point 

TTLAC  total  number  of  available  ADS  aircraft 

UR  utilization  ratio  (fractl on/multiple  of  ADS  aircraft 

available) 


WPPR 


universal  transverse  mercator  (map  projection) 
number  of  weapons  of  a weapon  type 
single  kill  probability  of  weapon  type 
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X 

X-coordlnate 

XI 

X-coordlnate  of  target  Intercept  point 

xs 

X-coordlnate  of  a HIMAD  unit 

Y 

Y-coordlnate 

• 

YO 

Y-Intercept  of  raid  track  line  segment 

YI 

Y-coordlnate  of  target  Intercept  point 

* 

YS 

Y-coordlnate  of  a HIMAD  unit 
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